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Abstract 
A The Role of Interactive Visualisation in Developing Shared 
Understanding between Stakeholders in Natural Resource Decision-
Making: A Case Study of Te Waihora/Lake Ellesmere, Canterbury, 
New Zealand 
by 
Bernard Otinpong 
 
Computer-aided visualisation has been used in a number of natural resource management applications 
with the aim of enhancing people's shared understanding of issues, but little evaluation of the 
effectiveness of the these tools has been undertaken. Shared understanding in this study refers to the 
extent to which stakeholders demonstrate knowledge of the effects of environmental change on each 
other’s interests – specifically, in the case of the present study,  interests in “birds”, “fish” and 
“farming”. The purpose of this study was to investigate whether interactive visualisation increases 
stakeholders' shared understanding of lake values using a case study of Te Waihora/Lake Ellesmere, a 
broad, shallow lagoon in New Zealand. The lagoon is separated from the Pacific Ocean by the long, 
narrow, sandy Kaitorete Spit. Its unique position allows for it to be opened to the sea periodically to 
provide drainage to prevent flooding of surrounding farmlands. There is a lack of agreement among 
the diverse stakeholders regarding the appropriate levels at which the lake level should be maintained 
throughout the year. Lack of agreement, however, may reflect a lack of shared understanding. 
According to the literature, for shared understanding to be achieved, common agreement needs to be 
reached in various forms of conversation or cultural norms that will serve as the underlying state for 
achieving common ground. 
This thesis is in two parts, consisting of consecutive studies. The first study, of Te Waihora stakeholders 
(Chapters 4-8), describes an interactive visualisation tool (ElleVis) which shows the effects of different 
lake opening regimes on lake values at Te Waihora/Lake Ellesmere. The interactive nature of the ElleVis 
tool allows the stakeholders to compare Te Waihora/Lake Ellesmere under different opening scenarios 
using one interactive tool. The tool consists of a line-graph, lake map and a summary table with “traffic 
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light” status for lake values ─ birds, fish, farming and other stakeholder interests. A pre-experimental 
one-group pre-test and post-test design was adopted to measure the knowledge of the participants – 
their personal and shared understanding – before and after using the ElleVis tool. Overall, the pattern 
of results demonstrates that following the use of ElleVis, participants’ personal and shared 
understanding significantly increased. 
The second, follow-up study (Chapters 9-10), was designed to explore whether the improvement in 
participants’ understanding of the way Te Waihora/Lake Ellesmere behaves evident in the initial study 
was attributable to the interactive visualisation tool itself. Were there significant differences in 
knowledge outcomes depending on the form in which information is presented – interactive 
visualisation compared with non-interactive visualisation? Overall, the results of the follow-up study 
show that participants demonstrate a greater knowledge gain through the use of interactive 
visualisation than through information provided non-interactively.  
More widely, the findings of these studies inform discussions about whether interactive visualisation 
tools might contribute to assessing understanding in environmental management in situations that 
involve contested resources or a multiplicity of interests. 
 
Keywords: Visualisation, shared understanding, common understanding, common ground, personal 
understanding, individual understanding, natural resource management, environmental visualisation, 
natural environments, pre-experimental design, interactive visualisation, non-interactive visualisation, 
static visualisations. 
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Chapter 1 
Introduction 
Issues relating to the changes to natural environment are widely recognised to be a major concern of 
stakeholders (Brown & Weber, 2012; Jankowski, 2009). Natural environments are valued for their 
pristine wilderness appearances, and human interventions normally seek to be in sympathy with the 
aesthetics of natural environments wherever possible. Challenges exist in communicating these issues 
and management options to stakeholders and it has been suggested that visualisation techniques can 
facilitate stakeholder engagement, increase understanding and improve the quality of decision making 
(Orland, Budthimedhee, & Uusitalo, 2001; Sheppard, 2005).  
Visualisation can be used to structure information in ways which highlight interests of 
users/stakeholders, rather than simply providing raw data. The power that visualisation brings is to 
structure information to maximise understanding by making the most effective use of data. In seeking 
to manage natural environments, it is desirable to model and understand complex interactions in order 
to compare the outcomes when different management scenarios are applied. To achieve this, 
simulations linked to the visualisation are required.  
 
Due to the complex nature of issues related to natural resource environments, Sheppard (1999) 
emphasised that a detailed and functional decision is needed in the selection of the type of 
visualisation to be used. Thus, the question arises: Can interactive visualisation be presented to 
individuals holding conflicting interests and opinions in a natural resource situations in such a way that 
they appreciate each other’s points of view? To investigate this, the case of Te Waihora/Lake Ellesmere 
will be examined. This thesis focuses on the potential contribution of using interactive visualisation 
tools to increasing shared understanding among stakeholders holding diverse interests/opinions and 
using a specific natural resource management site ─ Te Waihora/Lake Ellesmere. Increases in personal 
understanding may lead to shared understanding. By personal understanding, this thesis refers to the 
appreciation of the way changes in the environment – whether natural or induced – impact on the 
expertise of stakeholders or members of the public who have an interest in Te Waihora/Lake 
Ellesmere. An example would be a farmer who understands how different lake levels will impact on 
his/her ability to graze cattle or sheep on the flat land surrounding the lake. Shared understanding is 
the extent to which stakeholders demonstrate knowledge of the effects of environmental change on 
each other’s interests. In the case of Te Waihora/Lake Ellesmere, and for the purposes of this thesis, 
such knowledge is demonstrated when lake stakeholders show awareness of the effects of changing 
lake levels on other stakeholders’ interests in birds, fish and farming. 
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 This thesis does not address actual conflict resolution or decision-making. The study focusses on 
documenting complex issues involving shared understanding and the extent to which interactive 
visualisation can improve such understanding. 
 
In the following sections of this chapter, the aim and objectives of the studies are presented, the study 
site is introduced and an introduction to the remainder of the thesis is provided. 
1.1 Research Aims and Objectives 
Even though there is extensive documentation on the use of visualisation in various scenarios involving 
natural resource applications, there are surprisingly few empirical studies that have investigated the 
potential contribution of interactive visualisation1 to increasing shared understanding between 
stakeholders with different interests in natural resource situations. The proposed studies in this thesis 
are designed to address this gap in the literature. The aim is to address the following question:  
To what extent does interactive visualisation help to increase shared understanding between 
stakeholders in natural resource situations?  
Using a specific natural resource management site – Te Waihora/Lake Ellesmere ─ as a case study, the 
following objectives were developed: 
(a) to develop an interactive visualisation tool which shows the effects of management strategies 
(in accordance with Environment Canterbury (ECAN) protocols) on farming, nature 
conservation and other stakeholder interests  
(b) to expose stakeholders with different interests in the lake, to the visualisation 
(c) to evaluate the influence of this visualisation on the personal and shared understanding of 
these stakeholders. 
The above research question and the objectives were addressed in the initial study (Chapters 4-8), 
using fourteen stakeholder participants whose organisations are consulted as directed by the 
Environment Canterbury Resource Consent (CRC 042860) with regard to the management strategies 
of Te Waihora/Lake Ellesmere. Because the number of available stakeholders were few, it was not 
possible to employ a ‘control’ group and thus to be certain that any increases in knowledge resulting 
from the use of computer-aided visualisation were solely the result of using this interactive tool. There 
1 Not all interactive visualisation applications are based on computer-modelling. Refer to Chapter 2, 
Section 2.1 for an overview of visualisation, and Section 2.4 for interactive visualisation.  
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is the possibility that the form in which information was presented may have been an additional 
intervening variable, which affected the results of the initial study. This required a further research 
question to be explored to find out whether the improvement in shared understanding evident in the 
initial study can be attributed to the interactive visualisation tool. To answer this question, a follow-up 
study was undertaken, using a research design to determine whether there are significant differences 
in knowledge outcomes depending on the form of visualisation in which information is presented – 
interactive or non-interactive. The research question which follows directly from this is: 
Does use of an interactive visualisation tool (ElleVis) make a significantly greater contribution 
to people’s personal understanding of the impacts of lake opening regimes on lake values at 
Te Waihora/Lake Ellesmere than use of a non-interactive visualisation tool? 
The following objectives were developed to answer the above research question: 
(a) to randomly assign 40 volunteers who have an interest in Te Waihora/Lake Ellesmere and its 
future management, into two ‘test’ groups but who were not part of the initial study 
(b) to provide the same information but in different forms – interactive versus non-interactive – 
to the ‘test’ groups 
(c) to evaluate the knowledge acquisition of each group following the different forms of 
information provision  
Thus, the follow-up study validates the findings of the initial study by using a control group and a bigger 
sample size.  
1.2 Te Waihora/Lake Ellesmere 
Te Waihora/Lake Ellesmere in the Canterbury region of the South Island of New Zealand is a broad, 
shallow lagoon separated from the Pacific Ocean by the long, narrow, sandy Kaitorete Spit. The Māori 
name for Lake Ellesmere is Te Waihora, meaning “spreading waters”. Its unique position allows it to 
be mechanically “opened” to the sea periodically to provide drainage to prevent flooding of 
surrounding farmlands.  
 
Since 1901, the lake has been opened over 280 times (about 2-3 times per year) and remains open on 
average for 25 days per opening. The opening is a manual process involving a team operating 
bulldozers and excavators to cut a 300m long trench between the end of the lake and the sea. 
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The resource consent (CRC 042860) outlines the rules for lake openings, and also takes into account 
concerns raised by stakeholder groups:  Environment Canterbury; Councils; Māori groups (indigenous 
people of New Zealand); farmers; and recreational users. These concerns include potential coastal 
erosion, the marine environment, fish migration, Māori cultural values, the wildlife and wetland values 
(including over 150 bird species) and agricultural production. 
 
There is a lack of agreement between the various stakeholders as to the levels at which the lake should 
be maintained and how that level should be allowed to vary. Different lake levels are perceived to 
advantage some stakeholders’ interests, notably those related to farming, fish and birds, and may 
disadvantage others – often those with purely recreational and cultural interests. Lack of agreement 
on the appropriate levels at which the lake should be maintained may reflect a lack of shared 
understanding among the different stakeholders. For years, many different factors were used to 
determine the appropriate levels at which the lake should be managed. A number of lake management 
issues are still pending before the Environment Court due to disagreements about the preferred 
opening regimes and impacts. This then leads to the question: How can shared understanding be 
improved amongst groups with different vested interests? As will be demonstrated in Chapter 2, the 
use of interactive visualisation has proven to be effective and valuable in getting the public involved in 
issues about which they do not have a very good initial understanding (see, e.g., Orland et al. (2001)). 
Thus using visualisation tools as bases for shared understanding may prove helpful in assisting the 
various stakeholders of Te Waihora/Lake Ellesmere to appreciate each other’s points of view regarding 
the opening regime of the lake.  
1.3 Thesis Overview 
The following chapter, Chapter Two, discusses ways in which visualisation has been used in other 
research – notably in environmental management – as a technique in identifying and understanding 
stakeholders’ viewpoints – whether personal or shared. Chapter Three focusses on the recurrence of 
the theme of shared understanding in different forms, and this leads to the definition of shared 
understanding to be used in the two studies which comprise this thesis. The proposed research 
approach for the first study is described in Chapter Four. Included are an overview of the study design 
and the processes employed in order to investigate this research question. The interactive visualisation 
tool (ElleVis), which allows users to input different opening scenarios and visualise the resulting impact 
in three forms of visualisation, is described in Chapter Five. Chapter Six presents the pre-experimental 
one-group pre-test and post-test design used in the initial study to measure participants’ knowledge 
about the lake before and after they use the ElleVis tool. Chapter Seven presents the results of the 
initial study, and Chapter Eight discusses them. Chapter Nine presents the research design to explore 
whether improvements in personal as well as shared understanding evident in the initial study can be 
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attributed to the interactive nature of the visualisation in the first study. Chapter Ten presents the 
results and discussions of the follow-up study. The main contributions of this research are presented 
in Chapter Eleven, with their implications for increasing personal and shared understanding in Te 
Waihora/Lake Ellesmere and in wider natural environmental situations. Issues arising from this study 
that need further investigation are also discussed.   
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Chapter 2 
Environmental Visualisation 
With the focus of this thesis being an examination of the potential contribution of interactive 
visualisation to increasing shared understanding between stakeholders, the literature review 
contained in this chapter first gives an overview of visualisation (Section 2.1) and then concentrates 
on seven main points: impacts of information visualisation to support decision-making (Section 2.2); 
frameworks of information visualisation (Section 2.3); interactive visualisations (Section 2.4); 
information visualisation types in environmental contexts (Section 2.5); simulations linked to 
visualisations (Section 2.6); and the application of visualisation to environmental management 
situations (Section 2.7). The final substantive section (2.8), describes the psychology of learning.  
 
In this review, the evaluation methods and type of stakeholders in each case study are described. In 
addition, examples of the visualisation techniques used by different researchers to promote increased 
understanding among research participants, are also considered.  
2.1 Overview of visualisation 
Visualisation has been used to help present data from the earliest days of computing (Brodlie, Duce, 
Gallop, Walton, & Wood, 2004). In fact, the following examples suggest that visualisation has been 
around for hundreds of years (Spence, 2007):  
• In 1812, Monsieur Minard’s visualised Napoleon’s famous march to, and retreat, from 
Moscow.  
• In 1845, Dr John Snow used visualisation in the task of bringing cholera under control in the 
London district.  
• In 1931, Harry Beck used the orderly precision of the electrical wiring system to visualise 
London’s famous underground map.  
Under these scenarios, visualisation was used as a mechanism for presenting data in a form that 
enhances rapid understanding of relationships, causes and outcomes that are not readily evident from 
the raw data. Visualisation is broadly defined into two distinct areas: scientific and information 
visualisation (Spence, 2007). Scientific visualisation uses computer graphics to transform columns of 
data into images. This imagery enables scientists to observe and understand the large amount of data 
required in some scientific investigations including DNA sequences, fluid flows, molecular models, or 
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brain maps using volume renderings, isosurfaces, and glyphs. Scientific visualisation assumes a high 
level of knowledge of the field under investigation (Spence, 2007). 
Information visualisation is defined by Card, Mackinlay, and Shneiderman (1999) as “the use of 
computer-supported, interactive, visual representations of abstract data to amplify cognition.”  Over 
the past decade, information visualisation has emerged to be an important aid to judgement and 
informed decision-making (Ware, 2004). This has led to the proposal of some theoretical frameworks 
that have established the relationships between the areas of information visualisation and decision-
making (Amar, Eagan, & Stasko, 2005; Bautista & Carenini, 2006). Further, several information 
visualisation techniques have also been developed to support decision-making in many areas (Johnson 
& Shneiderman, 1991; Yi, 2008). 
 
In the next section, the relevance of information visualisation to support decision-making, is explored. 
The purpose of this review is to explore the various roles information visualisation can play in the 
support of decision-making, particularly in the area of environmental management. 
2.2 The impact of information visualisation to support decision-making 
Information visualisation can amplify human cognition in six different ways: by (a) improving the 
memory and processing resources of individuals; (b) minimising the amount of time required to search 
for information; (c) using visual representations to improve the detection of patterns; (d) enabling 
perceptual inference operations; (e) using perceptual attention mechanisms for monitoring; and (f) 
encoding information in a format that can be manipulated (Card et al., 1999). 
Because information visualisation can amplify cognition, it can improve the ability of decision-makers 
to process and use information in a meaningful way (Dull & Tegarden, 1999). Information visualisation 
provides an avenue to move the cognitive load required to perform complex tasks (e.g. areas related 
to decision-making) to the human perceptual system, which in turn provides a high bandwidth data 
route to the human brain (Gröller, 2002). Different aspects of the human visual system can be 
manipulated to improve the amount of information that the decision-maker can process (Dull & 
Tegarden, 1999). The use of information visualisation can assist decision-makers to solve complex 
decision problems that would otherwise be impossible without the visual representation of the 
elements (Zhu & Chen, 2008). 
Further, information visualisation provides an efficient way of showing information to decision-makers 
in a manner that makes it responsive to analysis and exploration. The main goals of information 
visualisation have been grouped into two high-level intents by Zhou and Feiner (1998). The goals are 
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‘inform’ and ‘enable’. ‘Inform’ concentrates on the analysis and amplification of information. ‘Enable’ 
concentrates on information exploration.  
Information visualisation can play a pivotal role in decision-makers’ access to information and 
increasing understanding (Bateman, Day, Jones, & Jude, 2009; Dockerty, Lovett, Appleton, Bone, & 
Sünnenberg, 2006; Jude, Jones, Andrews, & Bateman, 2006). For example, Bateman et al. (2009) 
provided evidence to suggest that visual information reduces the magnitude of judgement errors 
compared to a table of numeric and/or categorical data. Dockerty et al. (2006) used visualisation 
techniques to demonstrate the potential impacts of climate change on future land-use changes for the 
2020s. The visualisations proved to be appropriate for information provision and a decision support 
tool in relation to climate change. Jude et al. (2006) also generated visualisations using a combination 
of Virtual Reality and GIS to aid communication of coastal information to the public. The format of the 
visualisations was found to be suitable for widespread consultations and dissemination of information 
for decision makers and lay people.  In all these situations, by use of visualisation, decision-makers 
were able to make sense of information (e.g., revealing hidden relationships) that would otherwise be 
impossible to recognise. 
A large part of the human nervous system is designed to process visual information; in the human 
brain, over 70% of the receptors and 40% of the cortex are related to vision processing (Ware, 2004). 
Visual imagery offers an efficient approach to communication. A psychological experiment conducted 
by Landauer (1986), showed that visual imagery can be understood and remembered much more than 
textual information. Thus, information is more easily evaluated and compared when presented in a 
visual format.  
Information visualisation can provide decision-makers with an improved level of insight and 
understanding into the decision making problem at hand, more especially in situations when they do 
not have the technical know-how to fully comprehend the numerical or textual information. 
Information visualisation also assists decision-makers to experiment with “what-if” scenarios. The 
ability to comprehend such scenarios is another major step in the development of understanding 
about issues related to alternative scenarios, leading to better informed and justifiable decisions 
(Sheppard, 2001). According to Tufte and Robins (1997), “Assessments of change, dynamics, and cause 
and effect are the heart of thinking and explanations.” 
According to Kohlhammer, May, and Hoffmann (2009), the design of effective information visualisation 
applications to support decision-making requires designers to firstly, understand how information is 
processed by humans, and secondly, how decisions are made in reality. Therefore, there is the need 
to understand what types of problems decision-makers encounter, what aspects of the information 
are available about the decision problem, how decision-makers solve such problem, and how they 
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evaluate and identify alternative solutions (Zhang, 2001). Steps required of a decision-making process 
may involve an analysis of the decision situation, the construction of models for representing the 
problem and alternatives, and the identification of a preferred alternative given by desired criteria. 
These processes can each be facilitated by the use of visualisation in various ways. The process 
involving evaluation of decision alternatives requires the use of both detailed and holistic information.  
Information visualisation could also be used to provide the decision-maker with an overview of 
interrelationships, as well as comprehensive information for comparison and evaluation purposes. 
2.3 Frameworks of information visualisation 
Shneiderman (1996), developed one of the most succinct and recognised frameworks for the design 
of information visualisation techniques, known as the visual information-seeking mantra. This 
framework consists of three steps, “Overview first, zoom and filter, then details-on-demand”, that can 
be used as a reference in the design of information visualisation. Though it is not defined to bridge 
specifically the two areas of information visualisation and decision-making, it can be used as a guide 
for the design of information visualisation techniques to support decision-making. A visualisation 
provides an overview of all information considering the decision alternatives available; displaying 
information at a high level allowing users to select areas of interests. Then, by applying zooming and 
filtering, users can identify an area of interest or reduce irrelevant information from the display. The 
zoom and filter is applicable in several ways, firstly, to provide more information about an area of 
interest while maintaining the context (focus+context), or highlighting an area of interest on the 
overview display and then showing the details as a separate window (overview+detail) (Cockburn, 
Karlson, & Bederson, 2008). Lastly, details-on-demand provides more detailed features of the data as 
demanded by the users.   
The Card et al. (1999) reference model for visualisation shown in Figure 2.1 describes how 
visualisations are created in four steps and how users interact and interpret them. The process begins 
with the source data containing some information and ends with a derived image representing data. 
In the first instance, raw data forming the start of the pipeline are processed and transformed into 
data tables (data transformations). Data tables can be transformed through filtering, manipulations, 
adding tables and merging tables. The resulting data tables are then mapped to visual structures (visual 
mappings), which are generic visual representations such as maps, flow charts, tree diagrams or line 
graphs. After the data tables are mapped to the visual structures, views of the visual structures can be 
rendered into an image displayed to the user. View transformations modify changes to views. 
Examples are zooming and panning on a map to magnify and move the visual structure in order to 
make the details more visible. The final part of Card et al. (1999) reference model is human interaction, 
where the user interprets the views with a task in mind, and can interact with the visualisation through 
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the data transformations, visual mappings and the current view. This reference model for visualisation 
is used as a basis of many visualisation designs. (See Chapter 5 for further discussion.) 
 
Figure 2.1 Visualisation reference model 
Source: Card et al. (1999) 
In the next section, the relevance of interactive visualisation to enable users to control and manipulate 
different types of media, is explored. 
2.4 Interactive visualisation 
Interactive visualisations are information-based visualisations that allow users to control, combine and 
manipulate different types of information or media. For the transfer of knowledge, interactive 
visualisations help to interest recipients, enable interactive collaboration and allow them to present 
and explore complex data.  According to Yi, ah Kang, Stasko, and Jacko (2007), information visualisation 
can be divided into two main components: ‘representation’ and ‘interaction’. ‘Representation’ involves 
the way that data is mapped and rendered onto a visual display. ‘Interaction’ allows the user to 
manipulate, explore data to discover new insights.  
Interactive visualisation has important implications for decision-making in various contexts. It 
enhances understanding by enabling decision-makers to change viewpoints in the decision problem 
space. Interactive visualisations can assist in aligning the tasks to the decision environment, which 
should improve the overall quality of decision making and further reduce the cognitive load (Lurie and 
Mason, 2007). Interactivity also enhances the restructuring of information, as suggested by Coupey 
(1994) and the selection of meaningful information (Card et al., 1999). This can be performed 
interactively through the use of radio buttons, menu options or highlighting a region of enlargement 
on the overview display.  
Interactivity has received a lot of attention from many researchers (Dix & Ellis, 1998; Yi et al., 2007). 
This has led to several techniques being applied to facilitate different types of interactions. 
Shneiderman (1996) outlines seven types of interactivity: overview, zoom, filter, detail on demand, 
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relate, history and extract. Yi et al. (2007) describe interactivity based on the user’s ability to: select, 
explore, reconfigure, encode, abstract/elaborate, filter and connect.  
Interactivity can be viewed as a great challenge as well an opportunity for information visualisation. 
The discovery of film and video led to new ways of displaying visual information, but the advent of 
computers has also set a new stage for designing interactive visualisation systems of exceptional power 
and flexibility (An & Ko, 2012).  
Collaborative visualisation is another branch of interactive visualisation, in which several participants 
interact with the same computer visualisations to communicate among themselves, to explore 
information collaboratively. In most cases, the participants are geographically separated. Since this 
thesis focuses on the individual use of interactive visualisation, the literature reviewed here does not 
focus on the use of interactive visualisations in group (collaborative) situations.  
As argued by Appleton and Lovett (2003), there are several interactive techniques that are useful for 
different tasks; thus there is no universal solution. For example, through zooming and filtering, users 
can select a region of interest or remove irrelevant information from a display. This can be approached 
through methods such as: removing the context from the display, providing more detail on an 
important region while maintaining the context (focus + context) (Cockburn et al., 2008). Further, 
details on demand provides more detailed features of the data. A common approach is to separate 
display panels for text details or a pop-up window that appears when the user clicks on or hovers over 
a particular item or location.  
The best approach is dependent on the purpose, the type of environmental change to be visualised, 
and the intended audience. Several authors (Al-Kodmany, 1999; Ghadirian & Bishop, 2008; Tress & 
Tress, 2003) have recommended combinations of different information visualisation techniques which 
could be effective in public consultations and lead to better understanding of processes of 
environmental change. 
The next section examines how information visualisation techniques have been employed in 
environmental management situations. 
2.5 Information visualisation techniques in environmental contexts 
Multiple techniques for scenarios in environmental visualisations have been used including charts and 
tables, plans, maps, drawings (Bohnet, Brodie, & Bartley, 2008; Soliva et al., 2008); photorealistic 
visualisations based on aerial and land photos (Al-Kodmany, 1999; Tress & Tress, 2003); augmented 
reality (AR) (Ghadirian & Bishop, 2008); virtual reality (VR) (Cartwright, 2008); GIS-based modelled 
landform surfaces (Weiner, Harris, & Craig, 2002); or 3D surface modelling (Lewis & Sheppard, 2006). 
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However, in as much as these information visualisation techniques have been proven to aid, empower 
and increase decision-makers understanding of projects, some disagreements have been expressed as 
to their suitability and use as a communication medium. 
The term ‘scenario’ in environmental visualisation is defined by Tress and Tress (2003, p. 166) as “ … a 
description of the current situation, of a possible or desirable future state as well as a series of events 
that could lead from the current state of affairs to this future state”. Based on this definition, Tress and 
Tress (2003) stated that scenarios do not depict the most realistic future state, and they must not be 
treated as prognoses, predictions or forecasts. Instead, scenarios should be treated as the 
consideration of several alternative future landscapes while having in mind the issue of uncertainty. 
Thus, scenarios in environmental visualisations focus on “what will happen if” instead of “what will 
happen”.  
As the options for creating visualisations advance, viewers also find it increasingly difficult to determine 
how images relate to the baseline information, in addition to contents that are to be visualised 
(Sheppard, 2005). Therefore, while visualisations can make communications easier, advanced types of 
imagery have the potential to make it difficult for the public to build confidence and trust in such 
systems (Lange, 2005; Lewis, Sheppard, & Sutherland, 2005). 
The following sections describe various visualisation types that have been applied in environmental 
contexts, their qualities, advantages and disadvantages. 
2.6 2D, 3D or 4D visualisations 
2D approaches try to create visualisations using only 2 dimensions, whereas 3D views attempt to 
visualise real world metaphors by adding an extra dimension to improve space usage, and 4D models, 
mostly add another extra dimension of time to test ‘what-if’ scenarios. There is a debate on the uses 
of 2D versus 3D versus 4D in the information visualisation domain (Marcus, Feng, & Maletic, 2003; 
Stasko & Wehrli, 1993). Recent research in specific domains shows that 2D, 3D and 4D presentations 
are effective for different tasks (Baumgärtner, Ebert, Deller, & Agne, 2007; Tory, Kirkpatrick, Atkins, & 
Moller, 2006). 
The following subsections describe the use of 2D, 3D and 4D visualisations techniques and how they 
are applied in environmental situations. 
2.6.1 2D visualisations 
Tufte and Graves-Morris (1983) argue that when two dimensions are adequate to show information, 
there is no need to include a third or fourth dimension. An extra dimension should only be used to 
visualise a data set to make it semantically richer. Springmeyer, Blattner, and Max (1992) noted that 
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2D views are used to establish precise relationships. Related studies on information visualisation with 
various users and tasks have shown that 2D views allow analysis of details and precise navigation and 
distance measurement, since only one dimension is ambiguous (John, Cowen, Smallman, & Oonk, 
2001). The following subsections describes the use of 2D visualisation types in environmental contexts. 
2.6.1.1 Analogue visualisations 
Analogue visualisation techniques for the representation of concepts in environmental management 
include photos, plans, sketches, perspective drawings, physical models and artists’ representations 
(Bishop & Lange, 2005). 
 
Figure 2.2  Humphrey Repton’s illustration showing the ‘before’ and ‘after’ effect of a 
landscape     Source: (An, 2005) 
Photos, plans, and sketches may accurately portray the extent of change that could be effected in a 
scenario. Since photos are a close representation of reality, little interpretation is needed to convey 
the message to stakeholders (Orland et al., 2001). Photos can be manipulated to show conditions from 
different perspectives such as early morning, sunset, winter or summer conditions. Future landscapes 
conditions based on management decisions can also be visualised using photos. Humphrey Repton’s 
(1839) before-and-after representation of a landscape is an example of using visualisation in 
environmental planning (See Figure 2.2). In the 18th century, Repton’s approach become a standard 
for reproducing proposals in what we now call environmental management.  The technique consisted 
of a simple picture to show the current conditions and another to illustrate proposals; both of these 
were communicated to Repton’s clients to convey ideas of transformation (Repton, 1840). 
 24 
2.6.1.2 Photomontage 
Photo-manipulation technology, commonly called photomontage, is widely used in environmental 
planning processes, notably within Environmental Impact Assessment (EIA) and Landscape and Visual 
Impact Assessment (LVIA) (An, 2005). Photomontages are the process and the result of using a 
manually “painted” photo onto two or more site photos using photo-retouching software. Such 
approaches start with artists’ impressions based on manual sketches. The “artist” will often 
photograph the resulting composite image so that the final image may appear as a seamless print. 
However, the advancement of computer technology has led to the production of highly detailed 
photomontages. Lewis et al. (2005) stated that photomontages can be produced to achieve a high 
degree of realism and credibility for the general public and decision makers The output will not be 
interactive but the result can be shown as still images or animation of a series of images. 
Researchers have expressed concerns over the “Wow-Effect” of photorealism, suggesting in some 
cases “that the power of the technique may override critical assessment of the content”(Sheppard, 
2005, p. 639). Sheppard (2005) also cited viewer fatigue which could result in lack of interest and 
influence responses. Lewis et al. (2005) noted that photomontages rely extensively on the artistic 
impression of the creator, which can be very misleading. Further, the type of production often uses 
highly commercial software and hardware, and more time and skilled labour is required, which 
increases the cost of production.   
2.6.1.3 Low fidelity prototypes 
Proposed design can be very ambiguous, but the use of low fidelity prototypes such as sketches can 
support creativity during the design process. During this process, stakeholders may propose 
alternatives, which could be expanded, as they are often aware that nothing concrete in terms of the 
product has been finalised. Sketches, for example, were utilised by Fuchs (1999) to demonstrate a 
future setup within an office environment.  
This approach is similar to storyboarding. Storyboarding is a technique that is used in movies whereby 
sketches or forms of illustrations are displayed in sequence to show user interaction with visualisations 
(Van der Lelie, 2006). Van der Lelie (2006) discusses the use of different styles of storyboarding to 
achieve various outcomes such as exploration, presentation or discussion. Even though real interaction 
is not possible, the use of storyboards can be used to show different stages of an interaction design. 
Researchers like Sutcliffe et al. (2007) reported that the use of storyboarding helped gain new insights, 
and good critiques from stakeholders on a user-design project they were embarking on.  
Paper-based prototyping is a widely used method which uses sheets of papers to test different stages 
of product interfaces during interaction. This method allows users to test the early stages of the design 
process. A window is drawn on a separate sheet and this is role played using a designer-as-the- 
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computer by simulating the interactions through shifting the different sheets. Rettig (1994) argues that 
paper-based prototyping is much better in trying out more ideas than high-fidelity prototyping.    
The advantage of using low-fidelity prototypes is that designers are not bogged down in the technical 
limitations of the program, and do not need to spend countless hours programming before identifying 
usability problems at the initial stages of the design process (Snyder, 2003). 
2.6.1.4 High fidelity prototypes 
High-fidelity prototypes are designed to behave and look realistic enough for target users and 
customers to try ideas before committing to a greater investment. The downside is when the 
implementation depends on technology which is not yet available (Tognazzini, 1994). A solution 
proposed by Tognazzini (1994) is the use of video prototypes in the form of acted scenarios in which 
future technology is perceived to be accessible. This process is a good starting point to facilitate 
discussions among stakeholders as they get the experience of using a future product and become 
motivated on ways to improve upon it (Holman, Vertegaal, Altosaar, Troje, & Johns, 2005).  
A ‘Wizard of Oz’ experiment is another approach through which new ideas can be presented to 
stakeholders without using real technology. In this approach, the intended users work with a system 
that is a rough version of the real system, in a controlled setting, with participants’ a-priori knowledge 
and often times employing a low-level of deceit to manage the expectations of the participant. The 
experimenter acts as a wizard and secretly intercepts communications between participant and the 
system. The experimenter secretly executes actions intended by the participant. The goal of such 
experiments is to observe the use and effectiveness of a proposed user interface, rather than measure 
the effectiveness of the entire system (Wassink, Kulyk, van Dijk, van der Veer, & van der Vet, 2009). 
This approach has been used by Kulyk, van der Veer, and van Dijk (2008) to evaluate their real-time 
feedback using small group meetings. Thus, by performing a Wizard of Oz experiment, a system can 
be evaluated before the full implementation of a whole system (Wassink et al., 2009). 
2.6.2 3D visualisations 
In the area of 3D visualisations, researchers argue that the inclusion of aesthetically appealing 
elements in 3D presentations and animation can increase the design’s appeal, insightfulness and 
effectiveness (Brath, Peters, & Senior, 2005). Others argue that the use of 3D presentations provides 
a greater information density than 2D (Robertson, Card, & Mackinlay, 1993). Lastly, 3D graphics 
provides the opportunity to mimic real world objects in a natural way. Thus, the representations of 
objects can be represented using real concepts; the interactions can be more stimulating (ranging from 
immersive navigation to different manipulation techniques); and animations more realistic. However, 
in environmental visualisations, questions arise as to how realistic and how detailed a visualisation has 
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to be (Appleton & Lovett, 2003; Ervin & Hasbrouck, 2001). More so, the use of 3D graphics involves 
complexities such as: intensive computation (Lange & Hehl-Lange, 2006); more complex 
implementation than 2D interfaces (Robertson et al., 1993); user adaptation (Ghadirian & Bishop, 
2008); and disorientation (Verbree, van Maren, Germs, Jansen, & Kraak, 1999).  
The following subsections describe the use of 3D visualisation types in environmental contexts. 
2.6.2.1 Virtual reality (VR) 
Virtual reality is defined by Hall (1990, p. 85) as “creating an experience that is indistinguishable from 
the real experience; generating the same stimulus as the real environment; generating the same 
perceptual response as a real scene; creating the real impression of real space”. In the virtual world, 
users are able to interactively explore the environment by flying or walking through the region to find 
different viewpoints (Ghadirian & Bishop, 2008). According to Ghadirian and Bishop (2008), this 
approach is very comparable to real life experience in that it allows users an opportunity to discover a 
place rather than just see the space.  In the context of environmental management, changes in time is 
an important dimension, for example, in predicting the degree to which planting may screen future 
developments. Based on growth tables using a known mixture of planting, benefits may be shown 
using say five, ten and fifteen years, while at the same time allowing users to explore and move freely 
through the region. This degree of flexibility is a powerful tool for planning and decision-making in the 
field of environmental management, as it allows users to objectively predict and then mitigate impacts 
before changes are made to the environment. 
Virtual reality suffers from realism (i.e. perceptually equivalent to portray as if we were “there” in the 
real world) more especially in 3D landscape visualisation construction. Orientation may be difficult for 
some users (Cockburn & McKenzie, 2002). Further, in light of affordability, high level of detail in the 
real world is often compromised by visualisation developers as it is not the main focus of planning in 
environmental visualisation (An, 2005). This is supported by research conducted by Appleton and 
Lovett (2003) which shows that a high degree of realism might in fact prove distracting to participants 
in several ways, such as  compromising the critical assessment of the content of information. According 
to Pietsch (2000, p. 530), “greater degree of detail does not necessarily mean greater understanding”.  
Advances in the realism of computer games have increased the desire for virtual reality programs to 
be more sophisticated in terms of the computing power, rendering techniques and level of detail 
management. As such, some, landscape visualisations benefit from the use of game engines (Stock, 
Bishop, & Green, 2007) 
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2.6.2.2 Augmented reality (AR) 
Augmented reality (AR) is the process of overlaying imagery onto the real world, using sensory inputs 
such as sound. Global Positioning Systems (GPS) are used to accurately locate users in real world space. 
Thus, AR techniques allow the mixing of images and real world scenarios. Video sequencing and 
monitor-based AR are regarded as the simplest approach to augmentation (Ghadirian & Bishop, 2008). 
Ghadirian and Bishop (2008) claim that the use of AR has gained increased usage in the areas of 
environmental assessment and pre-evaluation of the visual impact of large-scale changes to a 
landscape. The use of AR is also commonly used in comparing a natural landscape to a proposed project 
from different points of views (Ghadirian & Bishop, 2008). Ghadirian and Bishop (2008) also explored 
the option of using a photo-visualisation method which combined the GIS and a technique using off-
line video-based augmented reality (AR). This technique was used to represent the dynamic spread of 
weeds and their effect on the landscape, which proved to have a good potential in facilitating improved 
communication between policy makers and laypersons in communities to enhance the decision 
making process.   
Ghadirian and Bishop (2008) argue that the cost – in terms of communications infrastructure and the 
time required to set up to run environmental models – is a major hindrance in adopting AR. However, 
with recent advances in technology and availability of cheap hardware such as tablets and mobile 
phones to mainstream AR, cost is no longer a hindrance. Advances in software toolkits also reduce the 
time of deployment considerably.  Another major challenge regarding the use of AR is its ability to 
combine real-world and computer generated images into a single augmented environment (Ghadirian 
& Bishop, 2008). It can be hard for the user to differentiate. Therefore, the majority of visualisation 
preparers seek alternatives to real-world applications. 
2.6.2.3 Geographic Information Systems (GIS) 
This thesis recognises GIS in its role as a tool for representation, not a product of visualisation. Many 
environmental visualisations are built on top of GIS. However, with its increasing use in the field of 
environmental visualisation, it is worthwhile mentioning GIS and related research. GIS is seen here as 
a practice of utilising spatial data, not visualisation. It utilises datasets that produces spatial 
information in different forms of visualisation. Thus, it has the ability to generate visualisations. 
In recent years, GIS applications have been increasingly popular and been merged with other 
visualisation types like VR. For example, Verbree et al. (1999) proposed using a 2D GIS with virtual 
reality. Stock and Bishop (2002) developed a fully interactive 3D application integrated with GIS to 
explore alternative scenarios for land cover configurations. The outputs are such that different 
scenarios in the GIS environment are reflected on the 3D environment. However, this method suffers 
from low resolution and realism of viewpoints very close to the ground (Lewis et al., 2005). 
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2.6.3 4D Visualisations 
In the area of 4D visualisation, researchers such as Mahalingam, Kashyap, and Mahajan (2010) argue 
that 4D provides a powerful visualisation and communication tool that allows for a better 
understanding of project milestones, and further helps in the identification of problems well in 
advance, which without identification may be costly to resolve. The use of 4D visualisations is 
becoming increasingly popular in the field of engineering and construction in order to assess and 
manage project risks, but has received very little coverage in the area of environmental visualisation. 
2.7 Simulation and visualisation 
Gredler (1996, p. 523) defines simulation as “a dynamic set of relationships among several variables 
that (1) change over time and (2) reflect authentic causal processes”. Gredler describes simulations as 
having the goal of discovering causal relationships. With simulations, the objective is to achieve a 
desired output state, or simply to investigate output states, based on the manipulation of input 
variables.  
Simulations linked to visualisations can be defined as an attempt to provide a synthetic but meaningful 
representation of reality (Brown et al., 2006). By using simulations linked with visualisations, the 
potential to perform critical or in-depth analysis to explore complex processes of the real world can be 
realized. Thus, simulation and visualisation, to varying extents, attempt to simplify a complex 
environment to aid understanding and inform decision-making. Generally, when dealing with 
simulation linked to visualisations, there is the need for caution as resulting information may not 
always emulate real world scenarios, and as suggested by Brown et al. (2006), some discrepancies and 
incompleteness are apparent. 
2.7.1 Challenges linking simulation models to visualisations 
Several authors have documented challenges which arise when linking simulation models to 
visualisations. O'Donnell, Maile, Settlemyre, and Haves (2013) identify the limited graphical and 
customisation capabilities of simulation models, which typically restrict visualisation and analysis of 
scenarios. As a result, it is difficult for end users to compare data in different contexts, and work with 
larger volumes of data. Mokrech et al. (2011) note that most visualisation software tools require data 
in specific formats. As such, it is very challenging to link simulation models to visual outputs. Thus, 
most users resort to adopting generic visualisation software and developing customised routines to 
support their needs (Seidl, 2007). Maile, Bazjanac, O'Donnell, and Garr (2011) also expressed the 
frustrations of a software tool that is capable of displaying simulated and measured data, but lacks 
credibility in importing data structures and has limited visual capabilities. Attempting to display a 
combination of simulated data with some graphical displays can lead to false readings, gaps and 
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duplicate values (Maile et al., 2011). Mokrech et al. (2011) mention the challenging tasks involved in 
modelling coastal processes in situations where our scientific understanding is more subjective than 
quantitative. Historical rates of change may not provide credible results if simulated and visualised as 
a future guide, given the effects of climatic change and sea level rise (Brown et al., 2006).  
Besides these data and tool challenges, the use of simulations linked to visualisations have several 
advantages. They have the potential to improve knowledge transfer, awareness and community 
relations leading to the decision-making process (Al-Kodmany, 2001; Orland et al., 2001). In simulating 
future climatic scenarios, Nicholson-Cole (2005) claims that simulations linked to visualisations have 
the potential to assist users link the concept of change to everyday experience, rather than providing 
information in the abstract sense. Further, Brown (1999) and  Tufte (1991) refer to a valuable step for 
end-users in envisioning complex environmental information from a 2D ‘flatland’ map to a 3D 
landscape scenario. According to Jude, Jones, Bateman, and Andrews (2003), with the creation of 
virtual landscapes, involving scenarios where users are required to explore scenes by interacting with 
the virtual reality (VR) software, there is the opportunity for lay-people become engaged in decision 
making regarding planning and management issues. 
The next section examines how visualisation technology has been employed as a communication tool 
to improve understanding in diverse applications involving environmental management. 
2.8 Visualisation in Environmental Management 
A number of researchers have reported the use of visualisation for environmental management in a 
variety of situations including the sightings of wind turbines, addressing environmental and 
recreational objectives affecting water planning and showing the future management scenarios of 
sustainable land use practices. In the studies examined, however, results have only been reported at 
a high level. The lack of detailed reporting means that possible inter-group differences have not been 
examined. 
2.8.1 Land-use visualisation 
Weiner, Harris, & Craig (2002), employed visualisation techniques in the form of multimedia GIS to 
improve understanding in South Africa of land and agrarian reform. South Africa has a history of 
segregation, civil society struggles and “forced removals” whereby, during the apartheid era, non-
white communities were forcibly removed to government specified locations (Weiner et al., 2002). 
According to Weiner et al., this forced removal led to extreme levels of unbalanced development and 
landlessness in some communities. Many rural communities in South Africa view job creation to be 
interconnected with land and, as a result, land tensions are high. Land reforms have been in place since 
the post-apartheid era, and have been slow mainly due to bureaucratic decision-making (changing of 
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laws and regulations). One of the main research questions proposed by Weiner et al. (2002) related to 
the identification of areas where land reform should take place. The purpose was to investigate 
whether the use of visualisation can help in the identification of potential land reform projects. 
Participants in the research included white and black farmers as well as the state agency (referred to 
as “experts”). The visualisation technology involved geo-referencing the participants’ perceptions of 
their own world (constructing ‘mental maps’) with the GIS database. The geo-referencing was then 
used to create various visualisations that provided the participants with graphic representations that 
assisted them in the identification of various classifications of land types, as shown in Figure 2.3. 
 
Figure 2.3 The multiple realities of land potential in the Mpumalanga Province, South Africa
  
Source: Weiner et al. (2002)  
Results from the questionnaires and surveys showed that perceptions of the research participants 
towards land that was of a “higher potential” were improved as a consequence. The research showed 
that incorporating local knowledge within a multimedia GIS (visualisation) contributed to widening the 
debate about land reform in the context of post-apartheid rural modernisation in Mpumalanga 
province. More importantly, the post-study questionnaire, which formed part of the results of the 
research, showed that the visualisation assisted in the identification of potentially underutilised land 
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which was critical for the implementation of land reform under the South African (African National 
Congress) government’s rural modernisation programme.  
2.8.2  Wind farm visualisation 
The distance at which wind farms should be sited from housing remains a very contentious issue in 
many areas. In a study by Bishop and Stock (2010), virtual environments in 3D driven by simulations 
were used to generate scenarios to gain feedback from stakeholders of effected communities 
regarding the visible and audible impacts of wind farms in the Challicum Hills in Victoria, Australia. The 
visualisation showed proposed turbines, vegetation, residential dwellings and sound effects that mimic 
the noise generated by wind turbines and the ambient sound of birds, domestic animals and traffic in 
the case of a busy road. In Bishop and Stock’s opinion, the advantage of using visualisation as a tool 
for this project was the ability of participants to explore the proposed changes and see what the 
environments will look like along a given time-line after the physical development of wind turbines. 
The visualisation allowed role playing by offering different avatars from which users could select. An 
example given by Bishop and Stock is when planners and residents were able to role play each other 
viewing the study area at the same time. For Bishop and Stock, this was also intended to help 
participants understand other people’s points of view to see how these changes in the siting of wind 
farms affect others and whether such changes are likely to meet resistance.  
Figure 2.4 shows one of the visualisation scenarios generated in Bishop and Stock’s study, which 
provided participants with information about how turbines could be hidden from view over time by 
the growth of shielding trees.  
 
Figure 2.4 Wind farm visualisations: How turbines could be hidden from shielding trees over 
time.  
Source: Bishop and Stock (2010) 
Using questionnaires and regression methods, the results of the study show that the scenario 
analysis generated by the visualisation allowed participants to explore multiple points of interest and 
select the best possible placements with minimal trade-offs in the implementation of wind turbines. 
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2.8.3 Dam removal visualisation 
Contentious issues such as the restoration of river ecosystems are present in many communities today, 
mainly because communities are unsure of what the impacts of restoration might look like (Jankowski, 
2009).  
In a study by American Rivers2 (2008), visualisation was used as a communication medium to show the 
visual impact of removing a dam. This was intended to assist the community in understanding the dam 
removal impact and other related issues in terms of the restoration and re-vegetation processes that 
will affect the environment. The visualisations were also intended to ensure that decision-makers and 
other concerned parties have sufficient information to make informed decisions about dam removal 
or dam retention.  
The participants in the study – nearby landowners – were hopeful that the dam removal process would 
restore the river and revive its ailing salmon population, aid fishing, protect and enhance tribal and 
fishing communities and, finally, help end decades of dispute over river management in the dam basin.  
An interactive visualisation using GIS was developed to show existing conditions and the stages in the 
dam removal process, including the post-effects of riverbed restoration and re-vegetation. According 
to American Rivers, the visualisations which participants were able to interact with were of different 
types: as “ … a slide show of still images, as time-lapse animations over 10 years of dam removal to full 
restoration and as animated movie clips of fly-through following the course of the river” (American 
Rivers, 2008). Figure 2.5 shows the existing conditions and the perceived effect of the dam removal. 
Using surveys and post-study questionnaires, American Rivers claimed that the visualisations used in 
the study were helpful in diverse ways: (a) the participants were better able to understand the 
extensive restoration/re-vegetation process; (b) the settlement negotiation process with legislators 
was facilitated; and (c) avenues were provided for funding the cost of the restoration process with 
potential investors.  
This article is included in the review because Figure 2.5 shows an example of how interactive 
visualisations operate, and it is unfortunate that the article is short and was prepared for a community 
audience and not with a research audience in mind. 
2 American Rivers is an organisation working to protect and restore North America’s rivers and 
streams. (See www.americanrivers.org).  
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Figure 2.5 Existing conditions and the perceived effect of the dam removal  
Source : American Rivers (2008)   
 
2.8.4 Waterway planting visualisation 
Lewis and Sheppard (2006) used photorealistic visualisation and photographs to show how future 
landscapes will compare under different scenarios, using a sample of community members of 
indigenous people – the Cheam Band of the Fraser Valley in British Columbia. There was a history of 
discord between forest managers and local indigenous communities, mainly due to differences in 
cultural outlook and attitudes (Lewis & Sheppard, 2006). Conservative forest managers could not 
always articulate clearly the values of the indigenous communities in quantitative terms of science and 
management. Further, forest managers lacked the expertise to engage these indigenous communities 
in fruitful discussions about alternative approaches as to how their landscape could be developed. 
Consequently, the indigenous communities found it difficult to engage in planning processes, notably 
those involving co-management of resources where local knowledge is combined with academic 
knowledge.  
A potential land management scenario was visualised using a simulation technique combining 3D 
surface modelling with photomontage in Adobe Photoshop to show how watershed conditions would 
affect a major food source (salmon). Lewis and Sheppard described three options for riparian 
management of the stream when salmon habitat was used for the visualisation.  
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 Figure 2.6 Scenario visualisation showing the existing conditions, best management practices 
and modified restoration plans to enhance cultural values  
Source: Lewis and Sheppard (2006)   
Figure 2.6 shows these scenarios: the existing situation with little streamside vegetation and no fencing 
to prevent cattle from accessing the stream from adjoining (cleared) dairy pasture; a “best 
management” approach supported by the Department of Fisheries and Oceans (DFO) which involves 
planting and fencing a 15 metre riparian buffer; and a “modified plan” based on the creation of a 50m 
riparian buffer zone mixture of natural vegetation to provide animal control with less need for fencing.  
In evaluating the visualisation, Lewis and Sheppard stated that the pattern of results using regression 
methods show that photorealistic visualisations are readily accepted and found to be useful and 
meaningful by participants. Post-study questionnaires, which formed part of the results of the 
research, showed that visualisations encouraged more in-depth and lively discussion among 
participants to an extent that they were able to express more clearly their preferences for landscape 
conditions. 
2.8.5 Heritage visualisation 
Heritage visualisation gives a visual impression of what certain areas looked like years ago. The use of 
visualisation in the form of computer graphics and/or virtual reality enables cultural heritage and 
historical landscapes to be evoked from the past. De Boer, Breure, and Voorbij (2009) noted that 
heritage visualisation allows modern users to explore historical landscapes in a more accessible way 
than traditional works of art can allow. The technique used in most heritage visualisation is capturing 
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images of existing buildings and sourcing images from paintings, photographs, exhibitions and 
drawings. These images are then developed into 3D visualisations of a “virtual” model. 
Heritage visualisation in the form of virtual reality was used to create a prototype model (Cartwright, 
2008) of part of the Central Business District in Melbourne (Australia) to investigate whether such 
environments could depict an alternative scenario of the city. This was one where historical 
environments had remained intact, rather than one where buildings had been demolished or sacrificed 
to the demands of urban growth. This study, according to Cartwright, was also aimed to help the 
current generation understand what the environments once were and to demonstrate the past errors 
of decision makers in destroying heritage buildings. Figure 2.7 shows a visualisation which gave an 
insight into the buildings that had been lost and what the townscapes might have looked like if they 
had remained intact.  
The results from questionnaires and surveys administered to the participants of the study showed that 
visualisation tools have the potential to educate participants to better understand alternative futures 
that developments might create. 
 
Figure 2.7 A picture of existing and “lost” heritage buildings inserted into a virtual model 
Source: Cartwright (2008) 
2.8.6 Water planning visualisation 
Visualisation techniques were used to address both environmental and recreational objectives 
affecting the development of new reservoir operation plans for controlling outflows from Lake Ontario 
to a dam (Lorie, 2006). Computer models were used to simulate reservoir operations over periods of 
time. The resulting levels and flows throughout the system were calculated. The computer model 
calculated the economic and environmental impacts of various reservoir operations and the results 
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were shown in interactive graphs, tables, pie charts and other display formats for the purposes of 
comparison, evaluation and plan selection. 
Figure 2.8 presents a hydrograph showing two scenarios. The visualisation shows a comparison of 
current management rules and leaving the lake unregulated. A ‘slice’ of summary data is also shown 
to allow participants a quick glance to see the average, minimum and maximum water levels. 
In evaluating the visualisations in various workshops and meetings, questionnaires and surveys 
administered to the participants and stakeholders indicated they found the visualisations helpful. The 
visualisation interfaces allowed users to manipulate, select and display the data, based on options 
selected by them in drop-down menus, option buttons and other controls as shown in Figure 2.8. The 
results from the post-study questionnaires showed that the use of visualisations helped the 
stakeholders to explore alternative scenarios involving hydraulic, economic and environmental 
impacts that affect the case study areas. 
The visualisations were frequently shown on a projection screen during stakeholder workshops, public 
meetings and during decision-maker deliberations (Lorie, 2006). The meetings were organised with 
one of the designers of the tool serving as a facilitator and responding to questions from participants. 
The results from the post-study questionnaires also showed that the visualisations allowed diverse 
stakeholder groups and decision-makers an opportunity to explore decades of historical simulation 
between the current operational rules ("Current Rules") and the unregulated condition of the lake. 
 
Figure 2.8 Visualisation showing a hydrograph of two scenarios involving Lake Ontario 
Source: Lorie (2006) 
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By drawing attention to the detail of the way some native plants such as alpines evolve over time, a 
lively debate among the stakeholders was encouraged, which in turn brought local knowledge to the 
fore. This proved helpful in assessing the development of the visualisation. More importantly, post-
study questionnaires which formed part of the results of the study, showed that some components of 
the visualisation, for example the time series data which communicated the dynamics of the landscape 
and vegetation change over time, greatly improved stakeholders’ understanding of the landscape.  
 
The results from the questionnaires and surveys of the study show that landscape visualisation can 
facilitate discussion and improve understanding between stakeholders from diverse backgrounds and 
widen the scope of participatory workshops. 
2.9 Psychology of learning 
The goal of information visualisation is to amplify cognition (refer to Section 2.2). This plays a vital role 
in the transfer of information from the ‘sender’ to the ‘receiver’ who has to understand and assimilate 
the given information.  Learning theories assist in helping us understand the process of knowledge 
creation from information and how this is linked to social interaction with others (Novak and Wurst, 
2005).  
Section 2.9.1 describes the three major learning theories associated with the transfer of knowledge, 
while Section 2.9.2  describes the transfer of information using interactive and non-interactive forms 
of visualisation.  
2.9.1 Learning theories 
Learning theories – theories of how humans learn – have been developed by researchers in the fields 
of education and psychology. They can inform the design of teaching interventions to achieve 
maximum effectiveness and can be grouped into three broad categories: behaviourism, cognitivism 
and constructivism. Each is explored in more details below. 
2.9.2.1 Behaviourism  
Behaviourist learning theories involve the study of human behaviour under various conditions and 
which enable us to get information about human behaviour and adaptation. This type of learning is 
known as conditional learning. The conditional learning appears as response to a given stimuli. An 
activity (stimulus) is provided, which causes a response from an individual (Burton, Moore, & Magliaro, 
2004). According to behaviourists, if the stimulus is repeated several times, the individual will “learn” 
which response is correct. ‘Rewards’ can be used to incentivise the learning experience (Deubel, 2003). 
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Behaviourist learning theories have been criticised for encouraging passive learning (Grabowski, 2004). 
However, Burton et al. (2004) argue that behaviourism was not developed as a passive theory, and 
that it is based on learning as a relative change in behaviour that is initiated by experience. 
In learning applications, behaviourism involves learning from mistakes as well as successes (Deubel, 
2003). In ‘learning by doing’, for example, the student plays a vital role and interacts with the computer 
while solving problem-related exercises. The student’s ability to solve the problems will change and 
improve after having used the program over a period of time and learning how to advance and solve 
problems in an effective way. The computer provides a different stimulus depending on what the 
student does, and the student will learn how to undertake tasks in a correct and effective way. 
2.9.2.2 Cognitivism 
The cognitive learning process can be seen as an expansion of behaviourism to explain the situation 
where a stimulus resulted in unpredictable responses. Cognitive theories emphasise the inner mental 
processes that occur during the learning, for example, the role of visual images, verbal processes and 
mental modes (Winn, 2004) in learning. Cognitivism highlights the thought processes, perceptions and 
thinking that underpin human changes in behaviour rather than solely the behaviour itself (Ertmer & 
Newby, 1993). Cognitive theories do not use reward systems, but rather view learning as a result of 
the desire to learn and the ability to use earlier gained experience as a basis for new knowledge (Ertmer 
& Newby, 1993; Winn, 2004). 
Cognitive learning focusses on mental processes. Using computer gaming as an example, often players 
have to plan before attempting to solve their problems. This may require planning ahead for the later 
stages of the game, as failures encountered in the early stage may create problems in the latter stages 
of the game. The impact on the mental processes during the learning is very substantial. Cognitive 
learning theory is also relevant in role-playing and simulation games in environmental management.  
Learning content types such as reasoning, procedures and processes can be associated with the 
cognitive learning theory and the mental processes are very significant. The introduction of new or 
unknown contents into the games enhances cognitive learning. 
Games that use learning methods, including guidance and instructions, support cognitive learning. 
Using practice and feedback, the games provides response to the player when problems are solved 
correctly or wrongly, and help in the form of hints is provided to complete tasks (Jonassen, 1999). 
2.9.2.3 Constructivism  
Constructivism views knowledge as not ‘about’ the world, but rather ‘constitutive’ of the world 
(Garrison, 1993). Constructivism views knowledge not as an immovable object, but constructed by an 
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individual through his or her own experiences, activities and conceptions of the surroundings, i.e., 
interpretations. The constructivist approach to learning is based on authentic, challenging projects that 
encompass lay people, instructors and sometimes experts in the learning community (Barab & Duffy, 
2000; Hamat & Embi, 2010).  
The goal of this learning theory is to form learning communities that closely mirror the collaborative 
practices of the real word. Constructivism does not view individuals as passive objects to be acted upon 
by forces around them (Garrison, 1993). In an authentic environment, learners take active control of 
the learning process and develop metacognitive abilities to monitor their own learning and 
performance, such that stimuli – whether ‘forced’ upon the individual or freely chosen by them – are 
sorted, interpreted and adapted to the human system. Therefore, the knowledge is formed by the 
individual and this formation occurs during an interaction between the interventions that the 
individual is exposed to and also what the individual does with those interventions.  
When individuals work on an activity, they can bring their own interpretations and framework to the 
activity. Seeing the problem from different perspectives allows them to negotiate and generate 
meanings and solutions through shared understanding. Learning is achieved when the learners form 
their own knowledge through the experiences and the knowledge they already possessed and which 
are extended with new information gained through actively participating in the learning process (Barab 
& Duffy, 2000). 
Constructivism is based on sense-making through active participation. An important dimension of this 
learning theory is the dialog in shared experiences, through activities related to a particular 
environment, using modelling to support the negotiation and creation of meaning and understanding. 
Constructivists argue that learners should be involved in the learning process and avenues should be 
created to assess how learners construct knowledge instead of overloading them with information. 
Similarly, a guided instructional approach may be necessary to put learners at the centre of the learning 
process (Hamat & Embi, 2010).  
That the learner is seen to play an active part in the learning process is particularly significant in 
environmental management, where learners construct new ideas or concepts based upon their prior 
or current knowledge of their environment to construct a solution which will make sense of or 
reconcile a discrepancy or curiosity. Thus, they construct their own meaning from subjective 
experiences. The models that they construct to explain things may be simple and unsophisticated at 
first, but with time, practice, and feedback, they become increasingly complex. Learning which 
supports and incorporates constructivist principles and assumptions can be applied in several 
situations and in different contexts, and is not limited to environmental management contexts (Wilson, 
1995). 
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2.9.2 Transfer of information using interactive and non-interactive forms of 
visualisation 
The effectiveness of an interactive visualisation for learning seems to depend on the nature of the 
information, and the link between perceptual and cognitive processing in the mental model 
construction (Rasch & Schnotz, 2009). Humans have perceptual schemata that permit them to 
recognize complex dynamic patterns in a natural environment. Interactivity can enhance dynamic 
perceptual schemata based on our representation of real world events (Rasch and Schnotz 2009). Thus, 
interactions enhance our perceptual schemata (Tversky, Heiser, Mackenzie, Lozano, & Morrison, 
2008). Tufte and Graves-Morris (1983) argue that non-interactive visualisations are helpful when 
planners want to inform decision-makers about relatively simple and straightforward issues. 
Many researchers argue that insights are formed though interaction (Hauser and Roberts, 2007). 
Pebesma, de Jong, and Briggs (2007) claim that visualisations should be interactive so the user can 
rapidly understand the data and find the best representation. According to Rasch and Schnotz (2009), 
there is a general perception that static visualisations are easily understandable to lay people, and 
interactive visualisations offer the control over the amount of information shown and which can be 
useful for understanding information in a meaningful way (Dull & Tegarden, 1999). However, according 
to Rasch and Schnotz (2009), empirical findings are inconsistent as to the circumstances under which 
interactive visualisations can (sometimes) enhance comprehension and facilitate learning more than 
non-interactive visualisations (Lowe and Schnotz, 2008; Tversky et al., 2002). Constructivism theorist 
argue that humans construct knowledge and meaning from an interaction between their experiences 
and their ideas. Thus, ‘interactivity’ is a better way to learn, as learners are actively involved in a 
process of meaning and knowledge construction compared to passively receiving information. 
Research in cognitive load theory has shown that if one information source in isolation is fully 
comprehensible to learners, then it is pointless allowing them to process additional information 
without an additional benefit for understanding (Rasch & Schnotz, 2009). Sweller (1994) refers to the 
“redundancy effect”, which follows from the analogy that, if a picture simply restates the information 
of a text, then eliminating the picture will enhance learning. Rasch and Schnotz (2009) provide 
evidence that the way a visualisation is structured when mapped onto a mental model, affects certain 
learning tasks.  
Although non-interactive visualisation – for example static pictures – contain only structural (visuo-
spatial) information (e.g. 2D), interactive visualisations include structural as well as temporal 
information (Rasch & Schnotz, 2009). That is, interactivity can be viewed as a 2+1 dimensional structure 
that consists of a stack of frames ordered in a temporal sequence with only one frame showing at a 
particular time (Lowe & Schnotz, 2008). Thus, it seems interactivity is a good candidate for supporting 
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the creation of dynamic mental models. However, researchers such as Dransch (2000) and Lowe and 
Schnotz (2008) cautioned that presenting more information does not necessarily imply that learners 
will grasp more information from interactive visualisations.  
The working memory of every individual is limited in capacity and in duration, more especially when 
dealing with new information. According to Miller (1956) (cf. Rasch and Schnotz, 2009), the working 
memory cannot combine, contrast, and manipulate more than four information elements at one time. 
Further, without rehearsal, information from working memory is lost within 20 seconds (Peterson & 
Peterson, 1959). Due to the quick loss of information from working memory, Rasch and Schnotz (2009) 
mention that only limited processing can be devoted to single states within the interaction.  
Interactivity allows learners to manipulate the course of movement, the speed of movement or to 
produce several snapshots of a scenario along its trajectory (Rasch & Schnotz, 2009). It enables learners 
to tailor a dynamic display to the limitations of their own perceptual and cognitive abilities by adjusting 
the rate of display. Also, interactivity allows for the testing of hypotheses about processes under 
specific scenarios by manipulating factors accordingly, which improves deeper cognitive processing of 
the subject under consideration (Rasch & Schnotz, 2009). Rasch and Schnotz (2009) further claim that 
interactivity at times simplifies processes which in the normal sense would have required high amounts 
of working memory capacity and which would be almost impossible to achieve.  
2.10 Summary 
The review of literature in this section has concentrated largely on the value of information 
visualisation as a communication tool in environmental management. This has been well documented 
in the work of several authors (Lange & Hehl-Lange, 2006; Lorie, 2006; Lovett, Clarke, & Kilmurray, 
2003; Spence, 2007; Stock et al., 2007; Wergles & Muhar, 2009; Wissen et al., 2008). Researchers claim 
that visualisation techniques can play a pivotal role in increasing understanding (Cartwright, 2008; 
Herwig & Paar, 2002; Lewis & Sheppard, 2006; Sheppard & Meitner, 2005; Tress & Tress, 2003), and 
this has led to visualisation being used widely in approaches involving environmental issues,  with a 
number of visualisation types applied, each having their strengths and weakness. The review of 
literature also demonstrates that interactive visualisation has important implications for decision-
making in various contexts. However, in many of these studies, no account is given or reported of the 
evaluation methods used to assess between-group differences in increased levels of knowledge and 
hence in shared understanding  – a point which will be taken up in later chapters.  
In as much as several authors (Maile et al., 2011; Mokrech et al., 2011) have noted the potential use 
of linking simulations to visualisation to explore complex processes of the real world, challenges exists 
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in the customisation of these simulation models to incorporate large amounts of data, and also into 
specific formats. Thus, it is difficult for end users to compare data in different contexts.  
Learning theories assist in helping us understand the process of knowledge creation from information 
and how this is linked to social interaction with others. Three major learning theories associated with 
the transfer of knowledge have been reviewed and consideration given to the design of teaching 
interventions to achieve maximum effectiveness, appropriate to each theory. Thus, there is the 
potential to explore whether, by applying the use of a teaching intervention, in the form of an 
interactive visualisation, to a specific environmental management site – Te Waihora/Lake Ellesmere – 
increased shared understanding between stakeholders who hold diverse interests is possible.  
In the next chapter, Chapter 3, the concept of shared understanding is reviewed. The relationship 
between personal and shared understanding is also clarified. 
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Chapter 3 
Shared Understanding 
Understanding is very important in our daily communication with one another. Therefore, it is not 
surprising that shared understanding is considered as crucial for effective communication and for 
‘stakeholders’ to learn from each other (Neville & Menguc, 2006). 
Lack of shared understanding is often seen as the main cause of failure in some projects which involve 
multiple actors/stakeholders (Conklin, 2005; Roth, Multer, & Raslear, 2006). Failures are often shown 
to coincide with a breakdown in shared understanding. If one begins to fathom why projects or teams 
fail, it is often realised that the missing component was shared understanding, either about: “(a) what 
the process was going to be; (b) what the fundamental problem was to begin with; or (c) the 
dimensions of the problem” (Conklin, 2005 p. 35). According to Conklin, this may reflect either a lack 
of shared understanding about roles and responsibilities, or a specific issue that required some 
common ground. 
In order to increase shared understanding, avenues to improve understanding and lessen the number 
of divergent interpretations that may emerge, are needed. Understanding other stakeholders’ points 
of view accelerates communication and interaction between stakeholders and helps in identifying 
misunderstandings, inconsistencies and conflicts (Shanks & Corbitt, 1999).  
This chapter focuses on increased shared understanding defined as gains in knowledge on the part of 
stakeholders about each other’s positions. The first section (3.1), presents an overview of shared 
understanding concepts and definitions as explored by different researchers. The second section (3.2), 
presents the various ways to assess individual (personal) and shared understanding, for the two are 
not necessarily the same.  
3.1 Defining shared understanding 
Researchers have devised a number of descriptions and definitions related to the concept of shared 
understanding, Table 3.1 gives an overview of these. 
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Table 3.1 Shared understanding concepts 
Concept Description 
1. Common ground Mutual knowledge, beliefs, assumptions (Clark & 
Brennan, 1991) 
 A set of mutual beliefs of conversational participants 
about the meaning of their utterances during 
conversation (Baker, Hansen, Joiner, & Traum, 1998) 
2. Grounding The collective process by which participants try to reach a 
mutual belief (Clark & Brennan, 1991) 
The interactive process by which common ground (or 
mutual understanding) between individuals is constructed 
and maintained (Baker, Hansen, Joiner, & Traum, 1999) 
3. Intersubjectivity “It is the joint construction of mutual understanding 
(Forman, 1992 p. 147)” as cited in (Baker et al., 1999) 
4. Shared mental models 
 
 
 
Represents shared knowledge of tasks, provide mutual 
expectations that allow teams to coordinate and make 
predictions about the behaviour and needs of their fellow 
team members (Cannon-Bowers & Salas, 2001; Langan-
Fox, Anglim, & Wilson, 2004) 
“Knowledge structures held by members of a team that 
enable them to form accurate explanations and 
expectations of a task” (Levesque, Wilson, & Wholey, 
2001) 
5. Social learning 
 
“Learning that occurs when people engage one another, 
sharing diverse perspectives and experiences to develop a 
common framework of understanding and basis for joint 
action”. (Schusler, Decker, & Pfeffer, 2003) 
6. Negotiation  “The interactive creation of common meanings (e.g. 
(Roulet, 1992)” as cited in (Baker et al., 1999) 
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The list of definitions in Table 3.1 is not exhaustive, but demonstrates that concepts fall into two broad 
categories: the outcome of shared understanding and the process of reaching shared understanding. 
A number of authors (Cannon-Bowers & Salas, 2001; Haavik, 2011) argue that the meaning of shared 
understanding is not uniform across all disciplines, and that each discipline adopts its own meaning. 
Baker et al., (1999) argue that whether researchers focus on the concepts of “grounding”, 
“negotiation”, or “intersubjectivity”, a form of common agreement needs to be reached in various 
forms of conversation or cultural norms that will serve as the underlying state for achieving common 
ground.  
In the following subsection, the concept of “common ground” (Baker et al., 1999) is reviewed as it 
constitutes the basis of shared understanding.  
3.1.1 Building shared understanding using “common ground” 
The concept of common ground is embedded in Herbert Clark’s contribution theory (Clark & Schaefer, 
1989). It is used to describe how people reach joint understanding in the form of “mutual knowledge, 
beliefs, and assumptions” (Clark & Brennan, 1991 p. 129) in the mode of conversation. In the process, 
conversational partners are constantly coordinating with each other to ground the content of their 
conversation. Grounding is the process of seeking and providing evidence of understanding in 
conversation. Evidence is a contribution that an individual makes during a conversation that carries 
content and assists the participants in establishing some mutual beliefs. Although understanding 
cannot be seen as flawless, conversational partners must attempt to meet some grounding criterion 
to establish that they mutually understand each other for current purposes (Clark & Brennan, 1991).  
Contribution theory (Clark & Schaefer, 1989), serves as a theoretical base for the formation of common 
ground. In this model, a contribution must have a presentation phase and an acceptance phase. To 
build shared understanding of each other’s selected beliefs and interests in groups, participants must 
constantly inform each other and integrate such pieces of work to understand the overall theme of 
the discussion. Two individuals who possess a shared understanding will establish similar set of ideas 
and beliefs - even if that does not necessarily mean that they agree with each other, given identical 
information about the object of understanding relating to a specific condition. Interactive visualisation 
provides an opportunity to build shared understanding, even adding to levels of shared understanding 
about issues such as the effects of environmental change that may already be present among 
stakeholders.  
In this thesis, which adopts interactive visualisation, shared understanding is operationally defined as: 
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“The extent to which stakeholders demonstrate knowledge of the effects of lake levels on each 
others’ interests in birds, fish and farming”. 
In the following section, various ways of assessing participants’ understanding (personal and shared) 
of issues are presented.  
3.2 Assessing changes in personal and shared understanding 
The measurement of change in individual understanding is critically important in many fields of 
computing and social research. This is because when people acquire new skills or learn something new, 
their attitudes and interests may develop. Only by measuring individual change is it possible to 
document each person’s progress, and consequently to evaluate the effectiveness of an intervention.  
Individual measures can be collected using different elicitation techniques (for example content 
analysis (see sub-sections 3.2.1).) Individual changes can be viewed as a difference “before” and “after” 
an intervention or value between the “pre” and “post” measurement. Thus, changes in personal 
understanding can be measured as gains in knowledge between “pre” and “post” measurements. An 
increase in personal understanding may be referred to the knowledge gained through an experience, 
circumstance or first-hand observation.  
Based on Clark and Brennan’s interpretation of shared understanding, for this to be achieved, 
participants should demonstrate that they mutually understand each other – even if that does not 
necessarily mean that they agree with each other. In this study, this mutual understanding is 
operationalised as a situation where participants demonstrate a basic level of understanding about 
other stakeholders’ areas of interests. For interactive visualisation to be successful in improving shared 
understanding, participants should also show evidence that their levels of knowledge of other 
stakeholders’ interests have increased as a result of using the interactive tool.  
The methods described below (Section 3.2.1) can be used to observe each individual’s (personal) 
“status” – their achievement, awareness of other people’s attitudes or anything of empirical interest 
– at the beginning (pre) and the end (post) of the investigation. The use of “pre” and “post” data can 
then be analysed using qualitative, quantitative or visual representation techniques to show some level 
of shared understanding.  
The following subsections describe methods of assessing participants’ personal and shared 
understanding of issues. 
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3.2.1 Content analysis 
Content analysis is a systematic, replicable technique for analysing written words of text into fewer 
content categories. The researcher uses a set of coding rules to analyse sentences phrase by phrase to 
discover important concepts and relationships between them; the relationships can be represented 
graphically (Hesse-Biber, Leavy, Quinn, & Zoino, 2006; Langan-Fox, Anglim, & Wilson, 2004). This 
method can be used to measure individual (personal) understanding, and the consensus views of 
individuals or ‘self-emerging’ themes from data can be taken to indicate shared understanding. 
According to Langan-Fox et al. (2004), content analysis provides an empirical basis for monitoring 
shifts, examining trends and patterns in individual and public opinions. However, there are a number 
of limitations; for example, a written statement provides no assurances that it is the true 
representation of an individual’s beliefs. Further, the inferences drawn by the researcher might be 
erroneous or incomplete because individuals are not present to endorse the existence of such beliefs 
or otherwise. 
3.2.2 Pre-test and post-test 
Pre-test and post-test designs are popular in behavioural research, primarily for the purpose of 
comparing groups/ individuals and/or measuring change resulting from an experimental treatment. 
Using this design, participants are pretested, exposed to an intervention, and then post-tested 
(Dimitrov & Rumrill, 2003). This design approach uses two groups, where one group (experimental) is 
exposed to the intervention and the other group (control) receives no intervention. By having one 
group that receives the intervention and another group that does not, researchers control for the 
possibility that other factors not related to the intervention, such as maturation over the intervening 
time, are causally responsible for the difference between the pre-test and post-test results. 
Three types of experimental designs exist using the pre-test and post-test approach: true experiments, 
quasi-experiments and pre-experiments (Spector, 1981). In a true experiment, subjects are randomly 
assigned to each group (treatment group and a control group). The quasi-experiments design is 
structured like a pre-test/post-test randomised experiment, except that it lacks the key feature of 
randomisation ─ random assignment. In a pre-experimental design (Gay, 1987), participants serve as 
their own controls, and comparisons are made before and after intervention using the pre-test and 
post-test (Fisher & Foreit, 2002). 
This method measures individual (personal) understanding, and the commonality, which implies 
complete agreement/synthesis between each individual understanding, is taken to indicate shared 
understanding. 
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3.3 Summary 
Lack of shared understanding is seen as the main cause of failure in some projects which involve 
multiple actors/stakeholders (Conklin, 2005; Roth et al., 2006). This may be attributed to either roles 
or responsibilities that are ignored or some components of the system that require further 
understanding. Shared understanding has an important role to play in stakeholders’ comprehension 
of each other’s values and perspectives.  
Researchers have devised a number of definitions of the concept and from these it was possible to 
identify two main emphasis in the study of shared understanding. Some researchers focus on the 
process of reaching shared understanding (which is also the focus of this study) while others on the 
outcome of shared understanding. Nevertheless, the consensus points to “common ground” as the 
basis for attaining shared understanding. Shared understanding exists when two or more individuals 
have certain knowledge or aptitudes in common. In order to improve the shared understanding 
amongst stakeholders, there must be some grounding criterion to establish that they mutually 
understand each other ─ even if that does not necessarily mean that they agree with each other.  
The following chapter, Chapter 4, describes the research approach adopted for the Te Waihora/Lake 
Ellesmere study to assess participants’ personal (the knowledge gained through an experience, 
circumstance or first-hand observation) and shared understanding of environmental issues. This 
approach, involving a pre-experimental design, was the basis for investigating the first research 
question – the initial study – of this thesis (see Chapter 1, Section 1.1).  
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Chapter 4 
Shared Understanding using ElleVis – Study Overview  
As shown in the literature reviewed in Chapters 2 and 3, there is a need to investigate the potential 
contribution of interactive visualisation to increasing shared understanding between stakeholders 
holding diverse interests with regard to natural resource issues. The specific natural resource 
management site used as a case study in this research was Te Waihora/Lake Ellesmere.  
To answer the initial research question (See Chapter 1, Section 1.1), this study involved: 
• developing an interactive visualisation tool  
• applying this tool to a sample of stakeholders  
• evaluating the influence of this interactive visualisation tool on the personal and shared 
understanding amongst the stakeholders of Te Waihora/Lake Ellesmere.  
In developing the interactive visualisation tool, the primary source of visualisation requirements – lake 
values – was obtained from the local Regional Council (Environment Canterbury). The components of 
the visualisation combined with the interactivity were to provide information required by the 
stakeholders to increase their personal and shared understanding about the impact of different 
opening regimes on lake values at Te Waihora/Lake Ellesmere. The term “lake values” refers to 
farming, nature conservation and other stakeholder interests that are affected by the different 
opening regimes at Te Waihora/Lake Ellesmere. When discussing stakeholder interests in the lake, 
henceforth the term “lake values” will be used to encapsulate these. 
The evaluation of the influence of the visualisation tool on the personal and shared understanding 
amongst the stakeholders was undertaken via a pre-test and post-test methodology. A variety of data 
was collected from the stakeholder participants to measure their personal and shared understanding. 
In this study, personal understanding was assessed by participants showing evidence that their levels 
of understanding had increased in the post-tests following use of ElleVis. Assessing shared 
understanding involved participants showing an achievement of at least partially correct answers to 
all pre-test and all post-test questions – including those covering interests outside their own particular 
areas – following use of the visualisation tool (ElleVis). Without such a basic level of understanding, it 
may be difficult for stakeholders to appreciate the different views on lake values that are of significance 
to other stakeholders.  
 51 
4.1 Research overview 
In this section, the design of the interactive visualisation tool, the case study area, categories of Te 
Waihora/Lake Ellesmere stakeholders and the method used in this study to answer the main research 
question of the initial study, are briefly described. 
4.1.1 Design of the visualisation tool  
The interactive visualisation tool was designed to allow the stakeholders to visualise the impact of 
different opening regimes on lake values at Te Waihora/Lake Ellesmere. The primary source of 
visualisation requirements was the lake opening consent (CRC 042860) from the local Regional Council 
(Environment Canterbury) (see Chapter 5, Section 5.1). The tool consists of a line-graph, a map showing 
lake extent and a summary table with “traffic light” status for lake values –birds, fish, farming and 
other stakeholder interests. The design of the tool allows users to configure lake opening scenarios 
and select conditions under which they are viewed.  
The interactive visualisation tool was implemented in 2D using VB.Net (2008 release). The line graph 
was implemented using Zedgraphs and the lake map, using ArcGIS. The summary table was 
implemented in Microsoft Excel 2007 and connected as a Database to .NET. (See Chapter 5, Section 
5.4, for more details about the implementation of ElleVis).  
4.1.2 Evaluation 
This initial study utilises a pre-experimental one-group pre-test and post-test design (Gay, 1987). Using 
this design, participants undergo a pre-test, are exposed to the intervention, and then undergo post-
test. This type of design is used in circumstances where there are only a few participants and the use 
of control or comparison groups is not feasible. This study had ethics approval from Lincoln University 
(see Appendices B.1, C.1 and D.1). Several types of data were collected to determine participants’ 
personal and shared understanding involving the impact of opening regimes on lake values relating to 
Te Waihora/Lake Ellesmere and for estimating the ability of ElleVis to assess these shared 
understandings. Data collection included: 
• Pre-test and post-test questions that were structured into four sections to assess the impact 
of opening regimes on lake values at Te Waihora/Lake Ellesmere  
• A post-study questionnaire that allowed participants’ impressions of the tool to be recorded 
• Background information on participants’ involvement with Te Waihora/Lake Ellesmere and 
their stakeholder affiliations 
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Participants’ responses in the pre-test and post-test were scored against a grading schedule. The 
results were analysed using descriptive statistics to examine the variability of the pre-test and post-
test scores, as measured by the mean, median and standard deviation. However, examining these 
scores by descriptive statistics alone is not sufficient, as the significance of any changes cannot be 
deduced. Paired sample t-test and Wilcoxon signed-rank test were used to determine the significance 
of changes between pre-test and post-test scores. 
Participants’ shared understanding was assessed using the pre-test and post-test scores in three 
knowledge areas – birds, fish and farming. This was done in two ways. First, the number of answers at 
least partially correct in each knowledge area was recorded and tabulated. Second, these numbers 
were coded into binary outcomes, with “0” representing participants who do not have a basic level of 
understanding for shared understanding to occur and “1” representing those that have a basic level of 
understanding sufficient to begin appreciating other stakeholders’ points of view (shared 
understanding). To test whether the differences in participants’ shared understanding in the pre-test 
and post-test were statistically significant, a McNemar test was conducted. The test involved using a 
null hypothesis that there is no difference in frequency of shared understanding between the pre-test 
and post-test. 
4.1.3 Study setting 
Te Waihora/Lake Ellesmere is the natural resource management site used as a case study for the initial 
research (see Chapter 1, Section 1.2). There is a lack of agreement between the various stakeholders 
as to the level at which the lake has to be maintained and how that level has to be manipulated. 
Different lake levels are perceived to advantage some stakeholders’ interests and to disadvantage 
others. For example, a high lake level will inundate surrounding farmlands but is good for fishing and 
recreational users interested in duck shooting. 
4.1.4  Stakeholders of Te Waihora/Lake Ellesmere 
For the purposes of this study, the target population are members of stakeholder organisations of Te 
Waihora/Lake Ellesmere which are consulted as directed by the Environment Canterbury (ECAN) 
Resource consent (CRC 042860) with regard to the opening and closing of the lake. Since these 
stakeholder participants are consulted about the opening and closing of the lake, they have a rich 
history of understanding impact of such changes on their specialised, i.e., personal, areas of interest. 
The interactive visualisation tool is designed and applied to samples drawn from these stakeholders to 
evaluate their personal and shared understanding about the impacts of the different opening regimes 
on lake values. 
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4.1.5 Study design  
As already discussed previously (Section 4.1.2), this study utilises a pre-experimental one-group pre-
test and post-test design (Gay, 1987). The pre-experimental one-group pre-test and post-test design is 
often utilised in situations where control or comparison groups are unavailable. This design was 
utilised because of the very small composition of some stakeholder groups, particularly lake settlers, 
farmers and recreational users. Due to the small numbers in these groups, dividing these groups into 
treatment and control groups may not produce statistically significant results. In a pre-experimental, 
one-group design, participants are tested twice, once pre- and once post- intervention. This type of 
study design is suited to an investigation which seeks to test the effectiveness of an intervention to 
ascertain whether the understanding of participants has improved over time (Bamberger, Rugh, 
Church, & Fort, 2004). Statistical analysis is normally used to ascertain whether the intervention has 
had a significant effect. 
4.2 Summary 
This chapter has briefly outlined the processes involved to investigate the initial research question for 
this study. An interactive visualisation tool was designed to assess the personal and shared 
understanding of the stakeholders of Te Waihora/Lake Ellesmere who have a rich history of the impact 
of the lake opening regime on their specialised areas of interests. A pre-experimental one-group pre-
test and post-test design was utilised for data collection. Several statistical procedures were performed 
on the pre-test and post-test results to examine whether the effect of using the visualisation tool has 
been demonstrated, and also to test the statistical significance of participants’ change in personal and 
shared understanding following their use of the tool.  
In the next chapter, Chapter 5, the requirements and design of the visualisation are described. It will 
become apparent that while some complexities are hidden for ease of use, every attempt is made in 
the development of the tool to ensure it reflects actual lake behaviour. 
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Chapter 5 
Shared Understanding using ElleVis - Design  
To explore the research question presented in Chapter 1 (Section 1.1) – the extent to which interactive 
visualisation helps to increase shared understanding between stakeholders in natural resource 
situations (in this case, Te Waihora/Lake Ellesmere) ─ an interactive visualisation tool (ElleVis) was 
developed. The purpose of the tool is to allow stakeholders to visualise the impact of different opening 
regimes on lake values at Te Waihora/Lake Ellesmere within a single screen visualisation for better 
clarity of representation. A successful representation can assist stakeholders identify interesting 
patterns that can widen their personal understanding of issues associated with the opening regimes 
of the lake while also possibly leading to increased awareness of the impact of different opening 
regimes on other stakeholders’ interests.  
The design of the ElleVis tool is influenced by the seminal works of Shneiderman and Plaisant (2006), 
Card et al. (1999), and Ware (2004) , who have examined “ … the use of computer supported, 
interactive, visual representations of abstract data to amplify cognition” (Card et al., 1999).  
 
 
 
 
 
 
 
 
 
The ElleVis visualisation tool is based on a simulation model of opening regimes of Te Waihora/Lake 
Ellesmere which consists of 38 years of real hydrological data on the water inflows and outflows of Te 
Waihora/Lake Ellesmere, lake margins, lake area and lake volumes. Fortunately, much of the work in 
collating this material has already been completed by John Raffensperger, University of Canterbury, 
New Zealand in his computer simulation model called Plover. The reason for using the Plover model is 
that it enables the user to choose lake opening regimes and examine the impact of these on ecological 
and economic factors that affect Te Waihora/Lake Ellesmere. ElleVis makes use of data generated from 
the Plover model. Figure 5.1 shows the distinction between the ElleVis tool and the Plover model. 
Plover forms an integral ‘chassis’ for the design of ElleVis. (The Plover model, which has been peer 
reviewed by several authors, for example, Hughey (2009) and Jellyman and Smith (2009), is discussed 
ElleVis tool 
Plover model Simulation model 
Visualisation tool 
makes use of data from 
Figure 5.1 Distinction between the ElleVis tool and the Plover model 
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in detail in Appendix A as a context for design of the visualisation tool ─ ElleVis.) The level of Te 
Waihora/Lake Ellesmere in the Plover model is recorded as the level above mean sea level (AMSL).  
The first section of this chapter (5.1), describes the requirements of the visualisation. The second 
section (5.2) describes the design of the visualisation. The third section (5.3) describes the usability 
study conducted to test the tool. The fourth section (5.4) describes the implementation of the ElleVis 
tool and the final section (5.5), describes the validation of ElleVis by an independent expert reviewer.  
5.1 Visualisation requirements 
The primary source of visualisation requirements for the initial study was the lake opening consent 
(CRC 042860) obtained from the local Regional Council (Environment Canterbury). This identified the 
need for the visualisation to show: 
• The level of the lake under different opening regimes 
• The area of the lake under different opening regimes 
• The shoreline and farmlands covered under different opening regimes  
• The impact on birdlife under different opening regimes 
• The impact on native fisheries under different opening regimes   
• The impact on livestock on the surrounding farmlands under different opening regimes   
The visualisation needs to show these requirements as all stakeholders of Te Waihora/Lake Ellesmere 
are affected in one way or the other by the different opening regimes of the lake. According to Taylor 
and Hughey (2009), historical records show that lake levels below 600 mm AMSL are regarded as low 
for Te Waihora/Lake Ellesmere. Lake levels ranging between 600 mm AMSL and 800 mm AMSL are 
regarded as very moderate and lake levels above 1000 mm AMSL are regarded as high. 
5.2 Design of the visualisation – ElleVis 
Based on feedback from participants and bearing in mind the visualisation requirements of the 
Resource Consent, several prototypes of ElleVis were developed. The final design of ElleVis, as shown 
in Figure 5.2, has three main components: a “traffic light” summary table described in Section (5.2.1); 
a map showing lake extent described in Section (5.2.2); and a lake level time series graph described in 
detail in Section (5.2.3). The tool allows users to configure lake opening scenarios and select the 
conditions under which they are viewed. Configuration of lake opening scenarios is through an opening 
rules interface described in detail in section (5.2.4). The visualisation components are discussed in 
detail below.  
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5.2.1 “Traffic light” summary table 
The “traffic light” summary table shown in Figure 5.3 represents an overview of information about the 
impact of the opening regimes on lake values. The cells are colour coded to help stakeholders 
distinguish which lake values are good (green), tolerable (amber) and unacceptable (red) based on the 
opening regime in place. The summary table view provides stakeholders with overview information on 
lake values at a glance for the opening regime entered. Each row in the table represents one lake value 
(for example “sheep”, “banded dotterels”) with each colour in a cell representing the lake level 
conditions for that month. Each cell in the summary table contains a computed average of lake levels 
for a month based on the opening regime entered by the user. The average lake levels were computed 
as an extension to Plover. The use of averages in showing lake levels has been used previously by Lorie 
 
Geo-spatial map Time series graph 
“Traffic light” summary table 
Figure 5.2 ElleVis visualisation interface 
 57 
(2006) in his design of decision support tables to solve water resources management issues (see 
Chapter 2, Section 2.8.6). 
 
 
 
 
 
 
 
 
 
  
The following list consists of lake values in the summary table, which were chosen on basis of data 
availability and stakeholder interests.  
• Agricultural livestock  
o Cows  
o Sheep  
 
• Bird life  
o Little Shag  
o Pied Stilt  
o Banded Dotterel  
o Black Swan  
o Black Billed Gull  
o Kingfisher  
 
• Native fishery  
o Short-Finned Eel 
o Black Flounder 
o Bullies  
o Smelt  
 
The concept of the “traffic light” was applied to the choice of colours used in the summary table. 
Research by Kristensen and Gabrielsen (2000) has suggested that, for more than a thousand years, the 
 
“Traffic light” indicators 
Monthly time steps 
Lake values 
Figure 5.3 ElleVis summary table representation 
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colour red in most western cultures has always represented danger: “stop or suffer the consequences”. 
Red was chosen to show unacceptable conditions exist for that lake value. Green was chosen to show 
when good conditions exist for that lake value. The range between “good” and “unacceptable”, which 
are “tolerable” conditions, was denoted by the colour amber. The use of shaded cells to indicate the 
best and worst results has been used previously by Lorie (2006). A similar coding was used in this study. 
Information was sourced from different sources and expert judgement was used to identify acceptable 
lake levels. The following rules govern how the “traffic lights” were computed for lake values based on 
lake water levels at varying times. 
Livestock (Cows and Sheep) 
Livestock can be found in all areas round the lake, and farmlands are inundated if the lake is very high. 
For this reason, farmers prefer low lake levels as that allows them to fully utilise their paddocks/fields 
to fatten their stock. Another reason is that livestock are likely to develop footrot when they stand in 
water if high lake levels flood the paddocks. 
Graeme Horrell3, a hydrologist from National Institute of Water and Atmospheric Research (NIWA), 
stated that farmers are more comfortable for the livestock to graze when the lake level is close to 
700mm AMSL. When lake levels are 1020mm AMSL, farmers find this unacceptable as North-Westerly 
gales at this lake level leave much of the land inundated (G. Horrell, personal communication, May 10, 
2011).  
Hearnshaw and Hughey (2010) noted that cows have a higher tolerance range than sheep in terms of 
water depth. (The tolerance range is defined by Hearnshaw and Hughey (2010) as the range where 
lake values can survive in the long-term.) 
Using the maximum and minimum absolute values from Horrell regarding lake levels, and Hearnshaw 
and Hughey’s (2010) views on tolerance ranges, the rules (Table 5.1) for colour coding the summary 
table for livestock (cows) are: 
Table 5.1 Summary table rules for cows 
0 AMSL – 700 AMSL = Green 
701 AMSL – 1020 AMSL = Amber 
>1020  AMSL = Red 
3 Graeme Horrell is a Crown Research Institute hydrologist with expert knowledge of the Lake and its 
environs.  
 59 
                                                          
 Since the tolerance range for livestock (sheep) is much narrower in terms of lake level, the colour 
coding (Table 5.2) for the summary table representations based on Horrell’s estimation, which involves 
sheep, are: 
Table 5.2 Summary table rules for sheep 
0 AMSL – 650 AMSL = Green 
AMSL– 800 AMSL = Amber 
>801 AMSL = Red 
 
Birds (Little Shags, Black Swans, Black-Billed Gulls, Australasian Bitterns and Kingfishers) 
There are two main groups of birds used in this study. One group ─ Little Shags, Black Swans, Black-
Billed Gulls, Australasian Bitterns and Kingfishers ─ benefit most from lake levels that are permanently 
high (K. Hughey4, personal communication, November 10, 2010). Low lake levels are most harmful to 
them. Based on this, the rules (Table 5.3) for colour coding the summary table for the birds are:   
Table 5.3 Summary table rules for birds - Little Shags, Black Swans, Black-Billed Gulls, 
Australasian Bitterns and Kingfishers 
1000 + AMSL = Green 
600 – 999 AMSL = Amber 
< 599 AMSL = Red 
 
The other group ─ Banded Dotterels − are part of the guild of shallow wading birds and are found 
predominantly on the banks and swampy areas of the lake (K. Hughey, personal communication, 
November 10, 2010). These birds benefit most from low lake levels. High lake levels threaten their 
existence. The rules (Table 5.4) for colour coding Banded Dotterels are: 
Table 5.4 Summary table rules for birds – Banded Dotterels 
0 – 600 AMSL = Green 
601 – 999 AMSL = Amber 
1000+ AMSL = Red 
4 K. Hughey is an Ecology Professor and a trustee of Te Waihora/Lake Ellesmere. He is the independent 
expert and an authority on the lake who was contacted for the study.  
 60 
                                                          
 Native fishery  
Short-Finned Eels and Black Flounder are bottom dwelling fish that require deep water to breed, swim 
and migrate (Jellyman & Smith, 2009). Therefore, lake levels above 1000mm AMSL are good for them.  
The rules (Table 5.5) for colour coding the summary table for Short-Finned Eels and Black Flounder are 
thus: 
Table 5.5  Summary table rules for native fishery 
0 – 443 AMSL = Red 
444 – 999 AMSL = Amber 
1000+ AMSL = Green 
 
Smelt and Bullies are mid-water dwelling fishes and are non-migratory (Jellyman & Smith, 2009). They 
are found to tolerate the entire range of varying lake levels found in Te Waihora/Lake Ellesmere. 
Therefore, they are in an acceptable/good state all year round and have the colour green denoted for 
them in the summary table.  
5.2.2 Interactive spatial map 
The interactive map shown in Figure 5.4 allows stakeholders to see the consequences of different 
opening regimes on the extent of the lake. The image is a topographic map with the lake superimposed. 
A slider beneath the image allows the extent of the lake during the year to be explored on a day by 
day basis. 
The data for computing the spatial extents of the lake were sourced from the Environment Canterbury 
(ECAN) LIDAR5 data in the form of a 2m by 2m digital elevation model (DEM)(Hill, 2009). 
5 LIDAR is an acronym for Light Detection and Ranging 
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5.2.3 Time series graph 
The time series graph shown in Figure 5.5 shows the level above mean sea level (AMSL) of the lake 
over the year. The graph is augmented with blue shaded areas that show when the lake has been 
opened to the sea.  
 
Figure 5.5 ElleVis time series representation   
 
Surrounding lands Te Waihora/Lake Ellesmere 
Monthly time steps Slider 
 Figure 5.4 ElleVis spatial representation 
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5.2.4 Opening rules interface 
The opening rules interface shown in Figure 5.6 allows rules that specify the lake opening regime to be 
used in the simulation. Rules are entered in the form of a start date from which the rule is valid and an 
opening level (or trigger level) at which the lake should be opened to the sea. Up to three rules can be 
specified. This is consistent with the Plover model and the Resource Consent that has three opening 
scenarios of dates and trigger depths to open the lake. It has been applied to the design of the rules 
interface to allow for multiple rules, as shown in Figure 5.6. Stakeholders have the flexibility to delete, 
edit and view selected rules when using the visualisation tool. This was included in the form of edit 
and delete buttons on the rules interface and a grid layout to display selected rules. For any opening 
regime, three different annual rainfall models can be shown by selecting Dry, Normal or Wet year from 
the right hand panel. Data on typical Wet, Dry and Normal years in the catchment region of Te 
Waihora/Lake Ellesmere was used for the simulation. Any change in selection updates all the 
visualisation elements.  
Further, a checkbox that serves as an option for stakeholders to set an initial lake level from the start 
of the year (1st of January) could also be specified. This is because the level of the lake at the start of 
the year affects the lake openings and has a resulting effect on lake values. Documents sourced from 
the Resource Consent suggest that visualising the lake from a particular level at the start of the year is 
very beneficial to stakeholders, and hence, needs to be included on the opening rules interface.  
Finally, once an opening regime has been specified, the calculate button causes the simulation to run 
and the visualisation to be updated. The next section reports on a study of ElleVis, to assess its usability 
and identify any weaknesses with the design. 
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 Figure 5.6 ElleVis opening rules interface 
5.3 Usability study 
Designing a tool for visualisation should be undertaken with usability in mind. In order to obtain good 
usability, it is important to consider the target users of the tool as well as the tasks that the tool should 
support (Sharp, Rogers, & Preece, 2007). Therefore, it is important to study the users of the tool and 
their requirements to be able to achieve an optimal and effective design for the visualisation tool. In 
this study, the target users are the stakeholders of Te Waihora/Lake Ellesmere who may have little or 
no familiarity with computer simulation software for solving environmental issues.  
As the usability of the tool is critical for the study, it was necessary to first perform a study using paper 
prototypes (see section 2.6.1.3 on low fidelity prototypes) to find out whether the participants can use 
the visualisation interface and interpret the information. The use of paper prototypes was appropriate 
at this stage as the tool had not yet been developed. The questions the usability study aimed to answer 
were:  
• Can users correctly set up an opening regime of the lake?  
• Can users correctly interpret the time-series graph, summary table and map showing the lake 
extent?  
• Can the visualisation help users to interpret the relationship between the factors that affect 
the lake? 
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5.3.1 Design  
Ten participants from the Lincoln University community were recruited for the usability study. Ethics 
approval was obtained from the Lincoln University Human Ethics Committee (see Appendix D.1). The 
usability study was run in 10 individual 20-minutes sessions. Each individual session consisted of 
participants filling out a consent form, completing a set of tasks using the paper prototype and a post-
usability questionnaire. All participants were required to read the instructions to complete the tasks. 
Five minutes of each session were used to explain the session to the participants, and another five 
minutes to conduct a post-usability questionnaire. During the middle 10 minutes of the session, 
participants worked to complete a set of tasks using the paper prototypes. Qualitative data were 
collected from participants through a “think aloud protocol” (Lazar, Feng, & Hochheiser, 2009) as they 
completed the tasks. This helped gain insights on the thinking and learning of the participants. Other 
qualitative data were collected about participants’ experience and impressions of the proposed tool 
using a post-usability questionnaire. Quantitative data on task correctness was collected based on the 
participants’ choice of answers. 
5.3.2 Procedure 
At the outset of the trial, which was conducted on a one-to-one basis (researcher-participant), 
participants were personally greeted and made to feel comfortable and relaxed. The author’s roles as 
a researcher and observer, the protocol for the rest of the session and the thinking aloud protocol, 
were clearly communicated to participants. The participants were then asked to review the 
information given them and sign an informed consent form. 
Participants were given a set of tasks to perform using the paper prototypes. They were encouraged 
to elaborate on and discuss their choice of answers. The questions were generally relevant to the three 
previously mentioned objectives (Section 5.3). Participants were encouraged to think aloud during the 
tasks. Participants were observed while they completed the tasks and encouraged to verbalise their 
thoughts in case they became stuck or hopelessly confused. Such occurrences were noted on an 
observation sheet (see Appendix D.3) and subsequently, appropriate corrections were made to the 
instrument. 
Each session lasted for a period of approximately 20 minutes, following the order of the prepared 
questions (see Appendix D.4). After all tasks were completed, each participant was debriefed and 
asked to complete a post-usability questionnaire (see Appendix D.5). The debriefing sessions were 
recorded on the post-usability questionnaire. In the debriefing session, participants were asked to 
comment on any particular problems they encountered. The opportunity was also taken to collect data 
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regarding participants’ experiences, impressions and decisions about the usability of the tool. After the 
debriefing session, participants were thanked for their efforts. 
5.3.3 Tasks and related questions 
The tasks and related questions were as follows: 
1. Establish the following opening regime scenario: 
From 1st April to 31st July, open the lake at a level of 1130mm (AMSL)  
After establishing the opening scenario in Task 1, participants were asked to complete the following 
questions: 
(a) Using the summary table of lake values, in which months of the year do you think eels 
in the lake are most threatened? 
(b) What is the level of the lake above mean sea level in June? 
(c) Using the slider on the spatial map, what do you think is the depth of the lake at the 
point marked ‘X’ on the image for October? 
(d) Using the summary table, what do you think is the relationship between level of the 
lake above mean sea level and waders (a type of bird that frequents the lake)?  
2. Which summary table is better for exploring the acceptable conditions of the lake and why? 
(Participants were given two summary tables representing two different scenarios to choose 
from.) 
5.3.4 Results 
Overall, participants performed well in the tasks employed in this study, scoring an average of 94% 
on task correctness. Three participants needed significant help when they each asked two questions 
before completing Task 1. For example, one participant asked: “How do I proceed from here?” 
Another participant also asked: “Where to from here? At least I need a button or something in writing 
on how to proceed.” 
One participant asked two questions regarding the choice of colours in completing Task 1, part (a). 
The participant said: “I need some flexibility in the choice of colours. As the summary table stands, it’s 
just about good and bad. I mean red and green. Surely there should be some middle ground 
somewhere?” 
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The participant also said: “I think I need more than two colours to answer this question more 
accurately.” 
Three participants failed to answer Task 1, part (d), and three other participants identified no 
differences when presented with two summary tables. 
5.3.5 Discussion 
Several usability issues were observed during the study. These issues were based on how many 
participants encountered them and the severity of the issues, in terms of ease of recovery from them, 
or how long the issue delayed participants in finding answers to a task.  
Participants commented on not being able to work out the function of the “Add Rule” button on the 
opening rules interface. The participants after the trial explained that, based on their experience in 
selecting inputs to any computer program, they expected to press an “ENTER” button using either a 
keyboard or a mouse to proceed. However, due to the trial being based on a paper prototype, they 
were not sure how to proceed. Participants also raised the issue of adding some flexibility by the use 
of colours in the summary table. One participant said, “In lake management, there is no yes/no answer, 
so add more variables to make the summary table more flexible”.  
5.3.6 Revision of interface design 
As a result of the usability study, the opening rules interface was revised. The “Enter” button was 
reworded to “Calculate” in addition to the already existing “Add rule” button. (The “Add rule” button 
allows a user to add multiple rules to a scenario. The “Calculate” button runs the simulation and 
updates the visualisation.) The “traffic light” colours – red, amber, green − were introduced into the 
summary table to help users differentiate between unacceptable, tolerable and good conditions. (This 
was changed from the initial colours of red (unacceptable), green (good) and white (between good and 
unacceptable) conditions.) 
The initial spatial map representation used a 25m by 25m resolution gridded bathymetric data of the 
lake. This data was not sufficiently accurate, and did not show surrounding farmlands around the lake. 
Later, but before the fieldwork, data in the form of a 2m by 2m digital elevation model (DEM) of the 
surrounding countryside became available that allowed more accurate data to be represented. This 
2m by 2m DEM allowed for various lake depths and hence the extent of the surface area of the lake to 
be computed and shown more accurately. 
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5.4 Implementation  
The opening rules interface of ElleVis allows users to configure lake opening scenarios and select 
conditions under which they are viewed. The opening rules interface then queries the Plover model, 
selecting the appropriate data to be visualised. This data is then passed through the rules engine, 
resulting in a screen update in ElleVis. When the calculations are complete, the opening rules interface 
then awaits further instructions, which begins the cycle anew. Figure 5.7 shows the basic architecture 
of this process.  
 
Figure 5.7 ElleVis ─ Plover model architecture  
ElleVis was implemented in 2D using VB.Net (2008 release) and runs on any standard Windows PC. 
ElleVis consists of 4 classes and about 1,000 lines of code.  
The line graphs were implemented using Zedgraphs, an open source toolkit that offers a range of 
graphs and charts, which can easily be integrated into .NET applications. A windows application was 
chosen rather than a web-based application because the ElleVis data files are very large and 
applications will run faster on a local computer, as resources for a server side application were not 
readily available.   
The spatial map is a digital elevation model (DEM) of Te Waihora/Lake Ellesmere, which was 
implemented using ArcGIS 9.3 to calculate the different lake extents. This DEM was sourced from the 
local Regional Council ─ Environment Canterbury ─ in the form of 2m by 2m pixels (Hill, 2009).  
The summary table was implemented in Microsoft Excel 2007 and connected as a Database to .NET 
using an OleDB connection. When the connection was established between the .NET application and 
the Spreadsheet, SQL commands were used to execute with the help of the Connection Object to 
retrieve and manipulate data in the Spreadsheet. 
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5.5 Validating the ElleVis program ─ Independent Expert Review 
An independent expert (Professor Ken Hughey) who is an authority on Te Waihora/Lake Ellesmere was 
asked to validate the ElleVis program (see Section 2.6.1.4 on high fidelity prototype). The expert 
reviewed all the measures and scenarios employed to ensure that ElleVis provided a representation of 
the behaviour of the lake. Seeking an opinion from an expert was also considered important to 
minimise any trust issues or any doubt about the ElleVis software program before it was presented to 
the various stakeholders. 
The expert commented that in general, ElleVis gave an accurate account of lake behaviour. However, 
he advised that the source of data needed to be communicated very clearly to stakeholders before the 
start of the study, as there were trust issues between them as to how some agencies and organisations 
who hold stakeholder interests acquired their lake-related data. Finally, the expert commented that 
‘Te Waihora’, being the Maori name of the lake, had to be placed in front of Lake Ellesmere in all 
documents provided to participants in line with the current accepted practice of the new Water 
Conservation Order6 for the lake.  
All expert advice was addressed in further refinements of the study and ElleVis.  
5.6 Summary 
The different components that constitute ElleVis have been discussed in this chapter. Each component 
helps stakeholders to visualise the impacts on lake values of their choice of lake openings. A usability 
study was conducted to find out whether the participants could use the visualisation interface and 
interpret the information. As a result of the usability study, some modifications to the visualisation 
interface were made. Then, ElleVis was developed, inspected and authenticated by an independent 
expert. 
The interactive nature of the design was intended to provide diverse stakeholders with opportunities 
to view the impact of different opening regimes on lake values at Te Waihora/Lake Ellesmere, using a 
single interactive tool. 
The next chapter, Chapter 6, outlines the method used in measuring the effectiveness of ElleVis as a 
visualisation tool. The actual results of the visualisation exercise as an aid to personal and shared 
understanding of the impact of different opening regimes on lake values at Te Waihora/Lake Ellesmere, 
are presented in Chapter 7 and a discussion of the results follows in Chapter 8. 
6 A Water Conservation Order (WCO) in New Zealand is established to preserve and protect bodies of 
water that are proven to be in their natural state and/or are nationally outstanding for a range of 
values. 
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Chapter 6 
Shared Understanding using ElleVis - Research Method  
This chapter outlines the method used in this study to answer the main research question of the initial 
study (see Chapter 1, Section 1.1). Figure 6.1 gives an overview of the process involved in measuring 
the effectiveness of the ElleVis tool in improving the personal and shared understanding of 
stakeholders. Detailed discussions of the processes involved are provided in Sections 6.1.5 and 6.1.6. 
All aspects of this study design were approved by the Lincoln University Human Ethics Committee (see 
Appendix C.1). 
 
 
 
 
 
 
 
 
 
6.1 Study design 
Experimental design methods have been widely used in the field of computing to evaluate different 
design solutions, answer questions and identify causal relationships. Three types of experimental 
designs exist: true experiments, quasi-experiments and pre-experiments (Spector, 1981).  
Although the initial (ElleVis) study is not a true or quasi-experiment, consideration of what these 
approaches offer will provide a context for considering the strengths and weakness of the chosen 
method ― a pre-experimental design. 
 
Target population  
Post-test 
Guided exploration  
Selection 
Pre-test 
Use ElleVis 
Tutorial 
Post-study 
Figure 6.1 Overview of study design  
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6.1.1 True experiments 
In a true experiment, subjects are randomly assigned to each group (treatment group and a control 
group). With true experiments, nearly all sources of internal and external invalidity are controlled 
(Spector, 1981). According to Spector (1981), true experiments may be designed with or without a pre-
test group. There are three major ways of conducting a true experimental design: 
• Pre-test and post-test control group design: According to Spector (1981), Dimitrov and Rumrill 
(2003) and Fisher and Foreit (2002), this design approach uses two groups, where one group 
(experimental) is exposed to the intervention and the other group (control) receives no 
intervention (see Table 6.1). Both groups are pre-tested, and both are post-tested, the 
difference being that only one group was administered the intervention (Fisher & Foreit, 
2002). By having one group that receives the intervention and another group that does not, 
researchers control for the possibility that other factors not related to the intervention, such 
as maturation over the intervening time, are causally responsible for the difference between 
the pre-test and post-test results. According to Spector (1981), it is important that both groups 
are of adequate size to be able to determine whether an effect took place or not, and a general 
rule of thumb is that each group should have at least 15 participants (Spector, 1981).  
Table 6.1 Pre-test and post-test control group design 
Steps Control group Experimental group Aim 
Step 1 Random assignment  Random assignment   To control participants 
characteristics of threat 
to  internal validity 
Step 2 Pre-test Pre-test To measure the degree of 
the independent variable 
before the Intervention 
Step 3 No Intervention Intervention To influence the 
dependent variable 
Step 4 Post-test Post-test To measure the degree of 
change 
  Source: Spector (1981) 
• Post-test only control group design: According to Spector (1981), in this design both the 
experimental and control groups are measured and compared after being exposed to the 
intervention (see Table 6.2). Comparisons are made only after the intervention (only one group 
get the intervention). This design assumes that the two groups are similar other than the 
randomly assigned intervention. This design approach is preferable when pre-test data are not 
available, or when a very large sample can be assigned to the treatment and control groups 
(Fisher & Foreit, 2002). The drawback with this design is that researchers cannot determine 
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the extent of change within the experimental group because baseline pre-test measurement 
is not available. Further, lack of pre-test measurements prevent researchers from comparing 
cases before random assignment to experimental and control groups (Fisher & Foreit, 2002; 
Spector, 1981). 
Table 6.2 Post-test only control group design 
Steps Control group Experimental group Aim 
Step 1 Random assignment  Random assignment  To control participants 
characteristics threat to internal 
validity 
Step 2 No intervention Intervention To observe any possible change 
on the dependent variable 
Step 3 Post-test Post-test To measure the degree of 
change 
  Source: Spector (1981) 
• Solomon four-group design: According to Spector (1981), this design assesses the plausibility 
of pre-test sensitisation effects. This design approach requires placing participants randomly 
into four groups (see Table 6.3). The first and second groups are pre-tested; the first and third 
groups are then exposed to the intervention, with the second and fourth groups acting as 
control groups. Finally, all four groups are post-tested. According to Fisher and Foreit (2002), 
the Solomon-four is one of the benchmarks for most educational research as it checks against 
most internal and external validity issues in lesser designs. However, despite this design 
providing the best result in terms of its statistical power and the ease of generalising from the 
sample to the wide population, it requires a large sample and the computations involved can 
be very complex. Furthermore, it requires a large budget and an extensive team of researchers 
(Spector, 1981).  
Table 6.3 Solomon four-group design 
Steps Group 1 
Experimental  
Group 2 
Control 
Group 3 
Experimental 
Group 4 
Control 
Step 1 Random 
assignment 
Random 
assignment 
Random 
assignment 
Random 
assignment 
Step 2 Pre-test Pre-test   
Step 3 Intervention ------- Intervention ------- 
Step 4 Post-test Post-test Post-test Post-test 
    Source: Spector (1981) 
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6.1.2 Quasi-experiments 
According to Gay et al. (1987), while quasi-experimental designs take a number of forms, they all lack 
some components of a true experiment.  
There are three major forms of these designs:  
• Non-equivalent control group design: According to Fisher and Foreit (2002), this design is 
structured like a pre-test/post-test randomised experiment, except that it lacks the key feature 
of randomisation ─ random assignment. In this design, the major drawback is that since no 
randomisation is involved, the effect of the treatment may be affected by variables related to 
history and maturation. 
• Time-series design: According to Spector (1981), this is an elaborated form of the one-group 
pre-test and post-test design in which participants are repeatedly pre-tested and post-tested 
before and after intervention (see Figure 6.2) rather than being tested once before and a 
second, single, time after the intervention (Spector, 1981). 
 
   Source: Spector (1981) 
Figure 6.2 An example of a time-series pre-test and post-test design 
• Factorial design: this design approach is used to determine if the effects of an independent 
variable can be generalised. This design approach is applicable if there are two or more 
independent variables, and at least one can be manipulated (Spector, 1981). The factorial 
approach can be used to show the relationship between variables (see Table 6.4). According 
to Fisher and Foreit (2002), the drawback to this design is that it can be very complex and 
requires extensive budgetary, time and personnel commitments.  
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 Table 6.4 Factorial design 
Steps Group 1 
Experimental 
Group 2 
Control 
Group 3 
Experimental 
Group 4 
Control 
Step 1 Random 
assignment 
Random 
assignment 
Random 
assignment 
Random 
assignment 
Step 2 Pre-test Pre-test Pre-test Pre-test 
Step 3 Intervention Intervention Intervention Intervention 
Class size 1 Class size 2 Class size 2 Class size 1  
Step 4 Post-test Post-test Post-test Post-test 
    Source: Spector (1981) 
For the purposes of the initial study in this thesis, the true and quasi-experimental designs are not 
appropriate. The following section (Section 6.1.3) discusses the favoured design – a pre-experiment. 
6.1.3 Pre-experiments  
In a pre-experimental7 one-group pre-test and post-test design (Gay, 1987), participants serve as their 
own controls, which is an example of a within-subject design, and comparisons are made before and 
after intervention (Fisher & Foreit, 2002). The design (see Table 6.5) is often used for evaluations where 
the goal is to determine the impact of a particular program. Often in such circumstances, control or 
comparison groups are unavailable. Using this design, participants undergo a pre-test, are exposed to 
the intervention and then to a post-test. If the scores for the participants of the study prove to be 
significantly different and if there are no other obvious explanations for this difference, then, logically, 
it can be concluded that the effect of the intervention caused the difference (Dimitrov & Rumrill, 2003). 
The use of this design approach is well-illustrated by Frederiksen (1978) in an organisational study 
when few participants were available to evaluate the effectiveness of behavioural problem solving and 
participation in the context of organisational restructuring.   
A pre-experimental design was adopted for the initial study because some stakeholder groups of Te 
Waihora/Lake Ellesmere have very few members, particularly, Lake settlers, farmers, and 
recreationists. Due to the small numbers in these groups, dividing each of them into treatment and 
7 The name “pre-experimental” is used in the literature even though it does not “precede” anything. 
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control groups may not produce statistically significant results. This removes the possibility of using 
the previously described experimental designs (Sections 6.1.1 and 6.1.2).  
The independent variable for the study is the ElleVis visualisation tool. Since there is only one 
independent variable, a within-subject design is used, comparing the same participants under different 
conditions (Lazar et al., 2009). According to Lazar et al. (2009), before a test can qualify to use a within-
subject design, it must fulfil three conditions: all participants are exposed to the same test conditions; 
only one group of participants is needed for the entire experiment; and the target participant pool is 
very small. These three conditions were satisfied in the present study. 
The target population for the study comprises stakeholders with an interest in Te Waihora/Lake 
Ellesmere. The dependent variable is any change in personal and shared understanding.  
The following subsections discuss the steps used in the design of the study, consistent with Van Dalen 
and Meyer’s (1966) definition of experimental methods. In other words, this study attempts to collect 
detailed data that describe participants’ acquisition of knowledge after using the ElleVis tool to 
examine different lake-opening scenarios.  
6.1.4 Target research population 
Calder, Phillips, and Tybout (1981, p. 200) define the target research population as a “large collection 
of individuals or objects that is the focus of a scientific query”. For the purposes of this study, the target 
population is members of stakeholder organisations with an interest in Te Waihora/Lake Ellesmere. 
These stakeholder organisations are consulted as directed by the ECAN Resource Consent (CRC 
042860) with regard to the opening and closing of the lake. The target population is people affiliated 
to the following organisations: 
 
• Lake Settlers Association – a local association representing ratepayers whose lands are 
specially levied because of their proximity to the lake; (two people, the chair and the vice 
chair regularly sit in Council8) 
• Te Rūnanga o Ngāi Tāhu – the Māori (iwi) in the South Island; (three people who are  
representative of  Ngāi Tāhu Holdings regularly sit in Council) 
• Te Taumutu Rūnanga – a family tribe that settled in Taumutu and the waters of Te Waihora 
and adjoining lands; ( three people, but more regularly the family head sit in Council) 
8 In Council here means attending meetings to discuss the opening of Te Waihora/Lake Ellesmere. This meeting 
takes place on the average about three times every year. 
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• Waihora Ellesmere Trust – a community organisation dedicated to the improvement of the 
health and biodiversity of Te Waihora/Lake Ellesmere and its catchment; (two people, either 
the chair or general manager regularly sit in Council) 
• North Canterbury Fish and Game – a non-profit organisation that maintains and enhances 
sports fish and game birds, and their habitats, in the best interests of anglers and hunters; 
(two people, the head or the general manager regularly sit in Council)  
• Department of Conservation ─ a governmental organisation which deals with the 
conservation of New Zealand’s natural and historic heritage; (three people, but more 
particularly a liaison officer responsible for community relations around the lake sit in 
Council) 
• Lake Ellesmere Commercial Fishermen’s Association – a local association representing fishers 
in the Te Waihora/Lake Ellesmere community;  (two people, either the chair or any member 
nominated by the association to sit in Council) 
• Selwyn District Council ─ the local District Council; (three people in a department are 
responsible for the affairs of the lake. These people regularly sit in Council) 
• Christchurch City Council ─ the relevant City Council; (a department of about five people with 
only two people who alternate at siting in Council) 
• Environment Canterbury – the local Regional Council (the regional Council has different 
departments tasked with the affairs of the lake, but primarily two people, a bio-protection 
officer and the engineer who oversees the opening of the lake regularly sit in Council) 
• Farmers (farmers are scattered around the lake region and the chair regularly sit in Council)  
• National Institute of Water and Atmospheric Research (NIWA) ─ a Crown Research Institute 
of New Zealand (a hydrologist who has been tasked in modelling the lake regularly sits in 
Council) 
 
For this study, the unit of analysis is individuals working in stakeholder organisations. Samples were 
drawn from the target population of people of about twenty seven who regularly sit in Council 
meetings to discuss the openings of the lake. This target population represents each Te Waihora/Lake 
Ellesmere stakeholder group. Employing purposive rather than probabilistic sampling, fifteen 
participants were recruited either through direct contact or by being nominated by their stakeholder 
organisation. One representative from each stakeholder organisation was included in the study. For 
stakeholders who are not part of an organisation (farmers, lake settlers and fishers) they were 
contacted directly and those who responded were included in the study. The participants in the study 
were drawn from all stakeholder groups mentioned above and none of them participated in the prior 
usability study (see Chapter 5, Section 5.3). 
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6.1.5 Instruments 
The following subsections discuss the instruments developed for this study. They include the pre-test 
and post-test, tutorial tasks, guided exploration tasks and post-study questionnaire. Between the pre-
test and post-test, a tutorial and a guided exploration task were conducted. After the pre-test and 
post-test, a post-study questionnaire was used to gather information on participants’ impressions and 
experiences with the ElleVis visualisation tool (see Figure 6.1).  
Pre-test and post-test 
The organisation of the pre-experimental one-group pre-test and post-test design is shown in Table 
6.5.  
Table 6.5 Organisation of the one-group pre-test and post-test design 
Steps Procedure 
(on all participants) 
Aim 
Step 1 Pre-test To measure the degree of the personal and shared understanding 
before the intervention, using a set of questions. 
Step 2 Intervention To expose the test population to the ElleVis visualisation tool. 
Step 3 Post-test 
 
To measure the degree of change in the personal and shared 
understanding using the same participants by administering a 
set of questions identical to that used in the pre-test. 
 
The pre- and post-tests were structured in four sections with twenty-two options, and they were 
identical in every respect. (See Appendix C.8 for the exact wording.) 
Section 1: This assesses participants’ understanding of which lake values will be affected by the current 
(2009) Environment Canterbury (ECAN) opening regime in managing Te Waihora/Lake Ellesmere: 
• Between 1 April and 31 July, open the lake at 1130mm AMSL  
• Between 1 August and 31 March, open the lake at 1050mm AMSL   
Section 1 is designed to capture participants’ understanding of how the current ECAN protocols affect 
lake values. 
Section 2: This assesses participants’ understanding of which lake values will be affected when Te 
Waihora/Lake Ellesmere is managed at a level of 1300mm AMSL all year round. (At 1300mm AMSL, 
the lake is considered very high (Taylor & Hughey, 2009).)  
Section 2 is designed to capture participants’ understanding of how lake values are affected at this 
very high lake level. 
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Section 3: This assesses participants’ understanding of which stakeholders’ values benefit from the 
following opening regime: 
• From 18 April, open lake at 600mm AMSL  
• From 24 July, open lake at 1200mm AMSL 
• From 20 September, open lake at 500mm AMSL 
(Below 600mm AMSL and above 1000mm AMSL, Te Waihora/Lake Ellesmere is considered to be ‘low’ 
and ‘high’ respectively (Taylor & Hughey, 2009).)  
Section 3 is designed to capture participants’ understanding of how lake values are affected when the 
scenario is a low lake level at the start and later parts of the year and a high lake level at mid-year, to 
reflect extreme lake level patterns within a single year. 
Section 4: This assesses participants’ understanding of which opening regime in Table 6.6 – Scenario 
A, B or C – is most likely to benefit Banded Dotterels (a type of bird for which Te Waihora/Lake 
Ellesmere is considered a habitat stronghold).  
Section 4 is designed to capture participants’ understanding of how well they know which opening 
regime is deemed “appropriate” for this type of bird. 
 
Participants’ responses to the above questions before and after usage of the ElleVis visualisation tool 
were designed to facilitate a measure of changes in personal and shared understanding of the impact 
of opening regimes on lake values at Te Waihora/Lake Ellesmere. These scenarios have previously been 
used in lake opening protocol meetings regarding future directions for Te Waihora/Lake Ellesmere. 
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Table 6.6 Opening regimes for Te Waihora/Lake Ellesmere used in Section 4 of the pre- test 
and post-test 
Scenario A Scenario B Scenario C 
From 1 April, 
Open lake at:  
1130mm  AMSL 
 
From 1 Aug, 
Open lake at: 
1050mm  AMSL 
 
From 18 April, 
Open Lake at: 
1300mm AMSL 
 
From 24 July, 
Open Lake at: 
1300mm AMSL  
 
From 20 Sept, 
Open Lake at: 
1300mm  AMSL 
From 18 April, 
Open Lake at: 
600mm AMSL 
 
From 24 July, 
Open Lake at: 
1200mm AMSL 
 
From 20 Sept, 
Open Lake at: 
500mm AMSL 
Tutorial and Guided-exploration 
Participants undertook the tutorial and guided-exploration after they completed the pre-test but 
before they undertook the post-test (see Figure 6.1, dotted box). 
The tutorial is intended to provide a familiarisation with the detailed features of the ElleVis tool and 
the test procedures. The design of the tutorial enables participants to: (a) conduct the guided-
exploration tasks (see next paragraph); and (b) quickly locate the various features of ElleVis. The 
tutorial involves participants going through a series of tasks to give them an overview of using the tool. 
The purpose of the guided exploration is to ensure participants use the ElleVis tool to explore the 
effects of the various opening regimes on lake values at Te Waihora/Lake Ellesmere. Pictorial 
representations of lake values – for example, species of birds and fish – that are of significance to 
stakeholders, are provided on the guided-exploration task sheet. The purpose of having a pictorial 
representation is for the participants to be informed of stakeholder interests that they may be less 
familiar with and which become less or more significant under different lake opening regimes. 
 The guided-exploration tasks required participants to run the ElleVis program under various opening 
scenarios that are provided to them and in a variety of rainfall conditions (wet, normal and dry years), 
and to observe the changes to the visualisation in order to answer questions such as the following: 
“Which of the AMSLs below is favourable to Pied Stilts (a type of bird found in the lake)? 
Having completed the tutorial and the guided-exploration, participants then completed the post-test, 
described above. 
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Post-study questionnaire 
This questionnaire was administered at the very end of the testing procedure. The purpose of the post-
study (distinct from the post-test study above) questionnaire was to obtain participants’ impressions 
of the visualisation tool (ElleVis). Participants were encouraged to answer three questions:  
Question 1. Do you think that the interactive visualisation tool has enhanced your understanding of 
the lake management issues? (Participants are asked to rate themselves on a 3-point scale: “A lot”; A 
little”; or “Not at all”.) 
Question 2. Do you think that the interactive visualisation prototype presents an accurate picture of 
the lake behaviour?  
Question 3. Please give any general comments that you have about this prototype.  
(For all questions, space was provided for respondents to offer additional comments)  
6.1.6 Procedure for collecting data in the pre-test and post-test 
Participants’ understandings of the impact of different opening regimes on Te Waihora/Lake Ellesmere 
were measured and recorded in the pre-test and post-test (see Section 6.1.5). Participants completed 
a questionnaire sheet, after working through the tests.  
A grading schedule was devised to score all responses provided by the participants such that any 
change in score gave a measure of change in understanding. A wrong answer by a participant was 
given a score of -1 and don’t know/no idea response, a score of 0. A partially correct answer attracted 
a score of 1 and a fully correct answer, a score of 2. The rationale for this system of scoring was as 
follows: 
•  To penalise for wrong answers and reward correct answers  
• To differentiate between the levels of understanding of participants, awarding a score of -1 for 
wrong answers and a score of 0 for ‘don’t know/no idea’ answer  
• To summarise all responses to tests undertaken by each participant into a single figure for ease 
of comparison (see next point below); for example “pre-test score is 5 and post-test score is 
14”. 
• To enable comparison between results and allow results from different stakeholder groups to 
be aggregated to form a single composite score.  
Permutations of the possible range of responses by a participant in the pre-test and post-test are 
shown in Table 6.7. 
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Table 6.7 Grading schedule: permutations 
Pre-test Answer 
 
Pre-test 
score 
Post-test Answer 
 
Post-test 
score 
Change in Score 
(Post-test score) - (Pre-test score) 
Wrong Answer -1 Wrong Answer -1 0 
Wrong Answer -1 Don't Know/No idea 0 1 
Wrong Answer -1 Partially  Correct Answer 1 2 
Wrong Answer -1 Fully Correct Answer 2 3 
Don't Know/No idea 0 Wrong Answer -1 -1 
Don't Know/No idea 0 Don't Know/No idea 0 0 
Don't Know/No idea 0 Partially  Correct Answer 1 1 
Don't Know/No idea 0 Fully Correct Answer 2 2 
Partially  Correct Answer 1 Wrong Answer -1 -2 
Partially  Correct Answer 1 Don't Know/No idea 0 -1 
Partially  Correct Answer 1 Partially  Correct Answer 1 0 
Partially  Correct Answer 1 Fully Correct Answer 2 1 
Fully  Correct Answer 2 Wrong Answer -1 -3 
Fully  Correct Answer 2 Don't Know/No idea 0 -2 
 Fully  Correct Answer 2 Partially  Correct Answer 1 -1 
Fully  Correct Answer 2 Fully Correct Answer 2 0 
 
A participant who indicated the same answer in the pre-test and the post-test demonstrated no 
change in understanding and for this reason a change in score of 0 was attained. 
A participant who indicated  ‘Don’t know’/’No idea’ in the pre-test but gave a ‘Wrong answer’ in the 
post-test, demonstrated a reduction in understanding and for this reason a change in score of -1 was 
attained. 
A participant who indicated a ‘Partially correct answer’ in the pre-test but gave a ‘Wrong answer’ in 
the post-test, demonstrated a reduction in understanding and for this reason a change in score of -2 
was attained. 
A participant who indicated a ‘Fully correct answer’ in the pre-test but gave a ‘Wrong answer’ in the 
post-test, demonstrated a reduction in understanding and for this reason a change in score of -3 was 
attained. 
A participant who indicated a ‘Don’t know’/’No idea’ in the pre-test but gave a ‘Partially correct 
answer’ in the post-test, demonstrated an increase in understanding and for this reason a change in 
score of 1 was attained. 
A participant who indicated a ‘Don’t know’/’No idea’ in the pre-test but gave a ‘Fully correct answer’ 
in the post-test, demonstrated an increase in understanding and for this reason a change in score of 
2 was attained. 
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Finally, a participant who indicated a ‘Wrong Answer’ in the pre-test but gave a ‘Fully correct answer’ 
in the post-test, demonstrated an increase in understanding and for this reason a change in score of 
3 was attained. 
Table 6.8 presents the various interpretations of the change in scores, which also provide a measure 
of changes in personal and shared understanding held by the participants between the pre- and post-
tests. 
Table 6.8 Interpretation 
Score Interpretation of score 
-3 Major reduction in understanding 
-2 Moderate reduction in understanding 
-1 Minor reduction in understanding 
0 No change in understanding 
1 Low level of improvement in understanding 
2 Moderate level of improvement in understanding 
3 Good/High score (high level of improvement in understanding) 
 
The various permutations in Table 6.7 and the score in Table 6.8 clearly link to the data display in 
Chapter 7, Section 7.2. It should be noted that in the case of participants who are experts in their field, 
one cannot expect an upward shift through using ElleVis or any other ‘instructional medium’, no matter 
how sophisticated the intervention tool may be, since their scores are already at or very close to one 
hundred per cent. 
6.1.7 Conducting the study 
Letters for participation in the study were sent to all stakeholder organisations listed in Section 6.1.4. 
Depending on the organisation of the stakeholder group, permission for participation in the study was 
sought from the group, and when permission was given, individual members were approached. In the 
case of farmers and lake-side settlers, contact was made directly with individual stakeholders by phone 
and emails. 
Fifteen stakeholders participated in the study, fourteen of whom completed both pre- and post- tests. 
One participant did not complete the post-test assessment because the task-related activities were 
side-tracked by discussions on his part about the history of the lake. (This participant’s data was not 
included in the analysis.) 
The researcher worked with each participant individually at a time and place most convenient to each 
participant.  
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Background information on participants 
Four questions were used to collect information on participants’ involvement with Te Waihora/Lake 
Ellesmere and their stakeholder affiliations (See Appendix C.6). The data were recorded in a pre-study 
questionnaire sheet at the start of the pre-test. Four open-ended questions were asked. 
Question 1 asked participants to indicate with which stakeholder categories they identified themselves 
as belonging. The purpose of the question was to identify whether participants belong to multiple 
stakeholder groups, and confirm whether they were appropriate participants for the study. 
Question 2 asked participants to identify one area of interest that they felt most connected to or which 
closely represented their specific concerns about Te Waihora/Lake Ellesmere. The purpose of this 
question was to identify the area of interest that participants most strongly represent, given that 
answers to Question 1 may show multiple interests.  
Question 3 asked participants to identify the main management issues of Te Waihora/Lake Ellesmere 
of concern to them. This was to assess participants’ wider areas of concern regarding the management 
of Te Waihora/Lake Ellesmere.   
Question 4 required participants to indicate their level of active involvement in lake management 
processes. Five management processes (for example, attending workshops and symposiums, engaging 
in debates about the lake, attending lake opening protocol meetings) were presented to participants 
and they were also encouraged to add their own “lake management processes” if appropriate. The 
rationale behind this question was to assess how well the participants were conversant with issues 
concerning lake management before the test began. 
6.1.8 Data analysis 
The variety of data collected in the pre-test and post-test and post-study questionnaire allowed several 
analyses to be undertaken to investigate whether there was a change in the level of understanding 
and shared understanding following participants’ use of ElleVis. 
One of the most important tasks of analysis in research studies is the identification of “patterns, 
commonalities, differences and processes” (Huberman, Miles, Denzin, & Lincoln, 1994 p. 442). 
Participants’ responses in the pre-test and post-test were interpreted against the grading schedule 
(see Table 6.7) using the mean, median and standard deviation to determine if there were any changes 
in the level of personal and shared understanding following their use of ElleVis. To determine whether 
differences in scores between the pre-test and post-test were significant, a paired samples t-test and 
Wilcoxon signed-ranks test was conducted. These tests are necessary as the significance of the scores 
cannot be deduced from descriptive statistics. Participants’ shared understanding was assessed using 
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the scores from pre-test and post-test scores in three knowledge areas – birds, fish and farming. This 
was done in two ways. First, the number of at least partially correct answers in each knowledge area 
were recorded and tabulated. Second, these numbers were coded into binary outcomes, with “0” 
representing participants who do not have a basic level of understanding for shared understanding to 
occur, and “1” representing those that achieved a basic level of understanding sufficient to begin to 
appreciate others’ points of view (shared understanding). To test whether the differences in 
participants’ shared understanding in the pre-test and post-test were statistically significant, the 
McNemar test was conducted. The test involved using a null hypothesis that there is no difference in 
the frequency of shared understanding between the pre-test and post-test.  
Post-study comments were analysed to see if there were any patterns or differences with participants’ 
experiences or impressions of the use of ElleVis.  
6.1.9 Pilot study 
To test the detailed design of the study and the instruments (for example, the clarity of the pre-test 
and post-test questions), a pilot study was undertaken. Twelve students and staff at Lincoln University 
participated in the pilot. (The 12 participants were not those involved in the usability study (see 
Chapter 5, Section 5.3) or the main study (Section 6.1.7).) A pilot study is necessary, even after 
performing a usability study, to help finalise the focus of the study. To recruit participants, an advert 
was placed on the Lincoln Hub (an intranet site used by postgraduate students and staff at Lincoln 
University). Participants received a $20 bookshop voucher for participating in the pilot.  
Since participants in the pilot may possess very little information about how Te Waihora/Lake 
Ellesmere operates, background information on the lake was made available to them prior to 
answering the pre-test questions (see Appendix B.4 (Pre-study documents)). Except for the 
background information provided, the pilot was conducted according to the protocol specified in the 
previous sections of the study (see Sections 6.1.5 and 6.1.6). 
As a result of the pilot, some modifications were made to the design of the instruments. These included 
modifying the ElleVis visualisation interface and questionnaire wording, as follows. 
Instrument revisions ─ interface 
Some participants commented that having to press the ‘Calculate’ button on each normal, wet and dry 
year scenario attempt was cumbersome. This concern was addressed by changing ElleVis so that 
participants were able to switch between the dry, normal and wet year scenarios without having to 
press ‘Calculate’.  
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Another issue raised was the confusion surrounding the functionality of the ‘Edit’ and ‘Delete’ buttons. 
This was clarified by changing the wording of ‘Edit’ to ‘Edit rule’ and ‘Delete’ to ‘Delete rule’. 
Instrument revisions ─ Pre-test and post-test 
Some participants found the response options in the pre-test and post-test to be complicated, as 
shown in Table 6.9. This led to confusion as whether to use the symbols or just mark the answers. 
Options in the questions were revised to provide simpler response options (Table 6.9). 
Table 6.9 Revised question response options 
6.2 Summary 
This chapter has described the various experimental designs available to conduct this study. The pre-
experimental one-group pre-test and post-test design was chosen due to the small numbers in some 
stakeholder groups. The participants in the study are members of stakeholder organisations which are 
consulted as directed by the resource consent (CRC 042860).  
A pre-test and post-test design was used to gather data on participants’ understanding of the impact 
of opening regimes on lake values at Te Waihora/Lake Ellesmere. A grading schedule was devised to 
score responses provided by participants. The change in score provided a measure of any change in 
participants’ personal and shared understanding. A pre-study questionnaire was used to record 
information about participants’ involvement with Te Waihora/Lake Ellesmere and their stakeholder 
affiliations. A post-study questionnaire recorded participants’ experiences, comments and impressions 
of ElleVis. 
A pilot study was conducted to test the design of the study and the instruments, particularly the clarity 
of the pre-test and post-test questions. As a result of the pilot, some modifications to the visualisation 
interface of ElleVis and to the wording of the pre-test and post-test questions were made. 
Original form of pilot study pre-test and post-test questions 
 
√  = Good for       ⃝  = Tolerable for       ―  = Unacceptable for       ?  = Don’t know 
Lake Values √ ⃝ ― ? 
1. Livestock (cows)     
2. Pied Stilts     
Revised pre-test and post-test questions 
Lake Values Good for Tolerable for Unacceptable for  Don’t know 
1. Livestock (cows)     
2. Pied Stilts     
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Several types of data were collected to determine participants’ personal and shared understanding 
involving the impact of opening regimes on lake values relating to Te Waihora/Lake Ellesmere and for 
estimating the ability of ElleVis to modify these shared understandings. The following chapter, Chapter 
7, presents the results.  
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Chapter 7 
Shared Understanding using ElleVis - Results  
In reporting the results of this study, the first section (7.1) presents background information on 
participants and on their involvement with lake management issues. The second section (7.2) presents 
two different statistical analyses of changes in participants’ personal understanding. The third section 
(7.3) presents statistical analysis of changes in shared understanding, making use of three categories 
of knowledge – birds, fish and farming – relevant to the impact of opening regimes on lake values at 
Te Waihora/Lake Ellesmere. It is important to note at the outset that some results point to changes in 
personal understanding and others to changes in shared understanding; as indicated earlier on in the 
thesis, the two are not necessarily the same (see Chapter 3, Section 3.2). The final substantive section 
(7.4) presents the participants’ post-study comments. The implications of the results presented in this 
chapter are discussed further in Chapter 8. 
7.1 Background information on participants 
This section covers how participants identify themselves, their primary interests, the management 
issues of concern to them and their involvement in lake management processes. (The specific rationale 
for each question is given in Chapter 6, Section 6.1.7.) 
7.1.1 Participants’ stakeholder self-classification 
Each participant was presented with a list of stakeholder categories and asked which category(ies) they 
felt represented them. Participants could select multiple categories and were encouraged to add to 
the list of stakeholder categories provided. The results are shown in Table 7.1. 
Table 7.1 Participant categories 
Category Number of responses % of participants 
Farmer 2 14.3% 
Fisher 4 28.6% 
Lake Settler 5 35.7% 
Recreational User 6 42.9% 
Ngāi Tāhu 2 14.3% 
Governmental Organisation 7 50% 
Non-Governmental Organisation 7 50% 
Other 2 14.3% 
Note: Actual number of participants = 14. However, Table 7.1 shows a total of 35 as a result of multiple categorisations. 
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Participants were split evenly between those working for Government and Non-Governmental 
organisations. Almost 43% (6) identified themselves as recreational users of the lake while 35% (5) said 
they were lake settlers. About 28% (4) identified themselves as fishers and 14% (2) said they were 
farmers. 
7.1.2 Participants’ areas of interest 
Participants were asked to identify one area of interest which they believed they were most connected 
to or which most closely represents their concerns about Te Waihora/Lake Ellesmere. The results are 
shown in Table 7.2.  
Table 7.2 Primary participant interest 
 
 
Number of 
participants % of  participants 
Biodiversity interests 5 35.7% 
Governmental interests9 4 28.5% 
Farming interests 1 7.1% 
Fishing interests 2 14.3% 
Ngāi Tāhu interests 2 14.3% 
Total 14  
 
Almost 36% (5) of the participants were concerned about or committed to the improvement of 
biodiversity of Te Waihora/Lake Ellesmere, while 28.5% (4) are representative of governmental 
interests. Other interests, such as Ngāi Tāhu, fishing and farming, are also of concern to the 
participants, but they do not dominate responses. 
9 The term “governmental interests” refers to study participants who identified themselves as working 
for local or central government or affiliated organisations (e.g. Environment Canterbury (ECAN), North 
Canterbury Fish and Game, Department of Conservation, Selwyn District Council, National Institute of 
Water and Atmospheric Research (NIWA), Christchurch City Council), and as such their interests in Te 
Waihora/Lake Ellesmere reflect the functions they perform in these organisational roles.  
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7.1.3 Management issues of concern 
Next, participants were asked to identify major management issue(s) about Te Waihora/Lake 
Ellesmere which were of concern to them. The results are shown in Table 7.3. All concerns identified 
were respondent-generated.  
Table 7.3 Management issues of concern to participants 
 Number of responses % of participants 
Lake level management/opening 6 42.9% 
Water quality 7 50% 
Fish passage 4 28.6% 
Vegetation conservation 5 35.7% 
Conflict resolution involving the 
property rights of farmers/landowners 3 21.4% 
Improvement of biodiversity 3 21.4% 
Ngāi Tāhu values 1 7.1% 
Drainage sites 1 7.1% 
Quality of habitat for trout spawning 
and 
rearing in the tributaries and the lake 1 7.1% 
General state of the lake habitat 4 28.6% 
Table 7.3 shows that water quality, lake level management/opening were the two main issues of 
concern. Vegetation conservation, general state of the lake habitat and fish passage, were of interest 
to some participants. Other concerns that were raised included conflict resolution, improvement of 
biodiversity, Ngāi Tāhu values and drainage sites along the lake.  
7.1.4 Involvement in lake management processes 
To ascertain the extent of participants’ familiarity with issues concerning lake management, 
participants were asked to rate their involvement in five lake management processes on a scale ranging 
from “Never involved”, “Occasionally involved” to “Very actively involved”. Results are shown in Table 
7.4. 
Table 7.4 Participants' involvement in 5 lake management processes 
Lake Management Processes Never Involved 
Occasionally 
Involved 
Very Actively 
Involved 
Attending workshops and symposiums 0  5 9 
Reading literature about Te Waihora/Lake 
Ellesmere 0 5 9 
Engaging in debates 1 7 6 
Making contributions on plan formulations 
about Te Waihora/Lake Ellesmere 1 7 6 
Attending lake opening protocol meetings 2 4 8 
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This question measured participants’ self-perceptions of their involvement in lake management 
processes. Participants were encouraged to add their own lake-management process involvement(s) 
in their responses to this question and six did so. Those six are very actively involved in:  
• Instigating restoration activities around Te Waihora/Lake Ellesmere  
• Liaising with farm owners and land owners  
• Modelling lake management scenarios  
• Te Waihora Statutory Agencies Group 
• Ngāi Tāhu Liaison by interviewing people on Te Waihora  
• Processing resource concerns for lake catchments 
• Lake settlers association meetings 
• Restoration of the Ahuriri Lagoon10. 
Two participants also mentioned they were occasionally involved in lake management processes. 
While one was directly involved in the Te Waihora Marae Agreement concerning the lake, the other 
took people on tours around the lake.  
The next section presents the results of the pre and post-tests which participants took to assess their 
understanding of the impact of different opening regimes on lake values. These results are a first step 
towards determining changes in the level of participants’ personal and shared understanding of lake 
values.  
7.2 Pre-test and post-test: Personal understanding  
The scoring schedule (see Chapter 6, Table 6.7), of which participants were unaware, is shown in Table 
7.5. The raw scores for participants and the change in score between the tests are shown in Table 7.6.  
Table 7.5 Scoring schedule 
Response Score 
Wrong response -1 
Don’t know/no idea response 0 
Partially correct response 1 
Fully correct response 2 
 
10 Ahuriri Lagoon has become dry land and is now known as the Ahuriri Reserve. It is an integral part 
of the wider Te Waihora/Lake Ellesmere ecosystem.  
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The identical pre-test and post-test had 22 questions (see Chapter 6, Section 6.1.5); therefore a score 
of -22 would be obtained if a participant gave wrong answers to all questions. A score of 44 would be 
obtained where a participant gave fully correct answers to all questions. The maximum possible change 
is 66 (from -22 to +44), which would be the case if a participant gave all wrong answers in the pre-test 
and then all fully correct answers in the post-test, or vice versa. 
Table 7.6 Participants’ raw scores in the pre-test and post-test 
Participants P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 
Pre-test scores (x) 18 25 29 16 31 14 32 14 27 20 30 28 9 22 
Post-test scores (y) 31 31 30 30 43 43 38 32 30 24 42 40 27 42 
Change in understanding 
(y) - (x) 
13 6 1 14 12 29 6 18 3 4 12 12 18 20 
 
The highest pre-test score of 32 was recorded by participant P7 and the lowest score of 9 was recorded 
by participant P13 (Table 7.6). The highest post-test score of 43 was recorded by two participants (P5, 
P6), while one participant (P10) scored 24, which was the lowest score (Table 7.6). The largest change 
in understanding between the pre-test and post-test was 29 and the smallest change, 1. Based on the 
comparison of raw scores, the data in Table 7.6 suggest that each participant increased their personal 
understanding about lake values after using the ElleVis tool.  
To further ascertain the extent of an increase in understanding following use of ElleVis, summaries of 
all participants’ responses in the pre-test and post-test were compiled as shown in Table 7.7 and Table 
7.8. The data in Table 7.7 and Table 7.8 were normalised to take account of the different number of 
sub-questions to each main question. Questions 1 and 2 had 10 sub-questions each relating to different 
lake values, and Questions 3 and 4 had one sub-question each, making a total of 22 questions. 
Normalisation involved multiplying the data in Questions 3 and 4 by a factor of 10 (since both questions 
had one sub-question each) to equate with the weightings of Questions 1 and 2 which both had ten 
sub-questions each. 
Table 7.7 Participants’ normalised pre-test scores 
PRE-TEST 
  
Wrong 
answer 
 response 
Don't know  
response 
Partially 
correct  
response 
Fully correct  
response 
Question 1 17 38 19 66 
Question 2 17 21 16 86 
Question 3 10 0 40 90 
Question 4 50 70 0 20 
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Table 7.8 Participants’ normalised post-test scores 
POST-TEST 
  
Wrong 
answer 
 response 
Don't know  
response 
Partially 
correct  
response 
Fully correct  
response 
Question 1 9 6 31 94 
Question 2 10 0 13 117 
Question 3 0 0 40 100 
Question 4 50 0 0 90 
The mean scores (all participants) increased from 22.5 in the pre-test to 34.5 in the post-test. The 
standard deviation (all participants) decreased from 7.4 in the pre-test to 6.5 in the post-test. The 
higher post-test scores (Table 7.6) means that all participants increased their understanding about lake 
values after using the ElleVis tool. The results in Table 7.6-7.8 show that participants’ understanding 
of the impact of Te Waihora/Lake Ellesmere opening regimes on lake values increased after use of 
ElleVis. The next section presents the results of the statistical tests conducted on participants’ changes 
in personal understanding following their use of ElleVis. These statistical tests are necessary as the 
significance of the scores cannot be deduced from descriptive statistics. 
7.2.1 Paired samples t-test for raw scores 
A paired samples t-test (Bakan, 1966) was undertaken to test the statistical significance of the 
participants’ acquisition of understanding following their use of ElleVis. The test was undertaken to 
assess whether the group means of the pre-test and post-test were statistically different from each 
other. This was determined using a two-tailed ‘t’ test with an alpha of 0.05 and using a null hypothesis 
that the group means of the pre-test and post-test were equal. 
Table 7.9 Paired samples statistics for raw scores 
 Mean N Std. Deviation Std. Error Mean 
Pair 1 Post-test Score 34.50 14 6.549 1.750 
Pre-test Score 22.50 14 7.408 1.980 
Table 7.10 Paired samples t-test for raw scores 
 
Paired Differences 
t df 
Sig. (2-
tailed) Mean 
Std. 
Deviation 
Std. Error 
Mean 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Pair 1 Post-test Score ─  
Pre-test Score 
12.000 7.686 2.054 7.562 16.438 5.842 13 .000 
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The results in Table 7.9 and Table 7.10 show that overall, participants’ scores were significantly higher 
(M = 34.5, SD = 6.549) after using the ElleVis visualisation tool than before (M=22.5, SD = 7.408), t (13) 
=5.842, p < .001.  
The results in Table 7.9 and Table 7.10 show that participants’ personal understanding of the impact 
of Te Waihora/Lake Ellesmere opening regimes on lake values increased significantly after use of 
ElleVis. To test whether the group medians between the pre-test and post-test were statistically 
different from each other, an additional test – a Wilcoxon signed-ranks test – was conducted. The 
Wilcoxon signed-ranks test is best suited for comparison of median differences when the distribution 
between the pairs (pre-test and post-test scores) cannot be assumed to be normally distributed 
(Bakan, 1966; Conover & Iman, 1981). The Wilcoxon signed-ranks test uses the null hypothesis that 
the median difference between the pairs of observations (i.e. pre-test and post-test scores) is zero. 
7.2.2 Wilcoxon signed-ranks test for raw scores 
The Wilcoxon signed-ranks test (Bakan, 1966) evaluates the statistical significance of the participants’ 
acquisition of understanding following their use of ElleVis, using a null hypothesis that the median 
differences between the pre-test and the post-test scores are equal to zero, with an alpha of 0.05. 
Table 7.11 Wilcoxon signed-ranks test for raw scores 
 
This test (Table 7.11), shows that overall, participants scores were significantly higher (Median =31.50) 
after using the ElleVis visualisation tool than before (Median = 23.50), Z= -3.301, p = .001, r =. 88. 
The results given in Tables 7.9 ─ 7.11 therefore support the conclusion that participants' personal 
understanding of the impact of Te Waihora/Lake Ellesmere opening regimes on lake values 
significantly increased after use of ElleVis. 
Having discussed changes in participants’ personal understanding of the impact of opening regimes on 
lake values, it is now important to consider the impact on their shared understanding of such values.  
Ranks Test Statisticsb 
 N Mean Rank Sum of Ranks  Post-test Scores –  
Pre-test Scores Post-test Scores ─ 
Pre-test Scores 
 
 
Negative Ranks 0a .00 .00 
Positive Ranks 14b 7.50 105.00 Z -3.301a 
Ties 0c   Asymp. 
Sig. (2-tailed) 
.001 
Total 14   a. Based on negative ranks. 
b. Wilcoxon Signed Ranks Test 
a. Post-test Scores < Pre-test Scores 
b. Post-test Scores > Pre-test Scores 
c. Post-test Scores = Pre-test Scores 
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7.3 Pre-test and post-test: Shared understanding 
The term “shared understanding”, as shown in Chapter 3, Section 3.1.1 is defined “as the extent to 
which stakeholders demonstrate knowledge of the effects of lake levels on each other’s interests in 
birds, fish and farming”. Shared understanding exists when two or more individuals have certain 
knowledge or aptitudes in common (Clark & Brennan, 1991). Changes in shared understanding in the 
current study were assessed by analysing the raw scores of the pre-test and post-test in three 
knowledge areas – birds, fishing and farming. The knowledge areas were created by grouping 
questions in the pre-test and post-test into categories. Eleven questions apply to the bird knowledge 
area, eight questions apply to the fish knowledge area, while two questions apply to the farm 
knowledge area.  
In order for a participant to have a basic level of understanding in any knowledge area, that participant 
should record all pre-test questions or all post-test questions at least partially correct. The threshold 
count of answers that are at least partially correct for birds = 11, for fish = 8, and for farming = 2, 
reflecting the different number of sub-questions in each knowledge area. (The working assumption 
involved here is discussed further in Chapter 8.) 
Based on Clark and Brennan’s (1991) explanation, for shared understanding to be achieved in a 
particular knowledge area, participants should show an achievement of at least partially correct 
answers (i.e. the threshold count) to all pre-test and all post-test questions including questions 
covering interests outside their own particular areas following use of the visualisation tool. Without 
such a basic level of understanding, it may be difficult for stakeholders to appreciate the different 
views on lake values that are of significance to other stakeholders. A participant should also show 
evidence that their levels of understanding of other stakeholders’ interests with regard to the lake 
have increased following use of ElleVis. (This working assumption, like the previous one, is discussed 
further in Chapter 8.) 
The following sections present the results of participants’ shared understanding in the three separate 
knowledge areas. 
7.3.1 Knowledge area: Birds 
The pre-test results in Table 7.12 show that no participant recorded achieved the  minimum threshold 
count of 11. The highest number of 9 partially or fully correct answers was recorded by a participant 
with a stakeholder interest in Ngāi Tāhu values (P5). The lowest number of partially or fully correct 
answers zero (0) was recorded by three participants (P6, P8 and P14) with stakeholder interests in 
biodiversity and fishing. These results indicate that none had sufficient knowledge of birds to 
demonstrate shared understanding prior to encountering ElleVis. Following Clark and Brennan’s (1991) 
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reasoning, for such participants it may be difficult to appreciate other stakeholders’ concerns relating 
to birds. 
Table 7.12 Number of answers at least partially correct: Bird knowledge area 
Participant grouping Knowledge area - Birds 
Biodiversity Pre-test (x) Post-test (y) 
P1 5 9 
P6 0 11 
P7 8 10 
P8 0 10 
P13 4 9 
Governmental  
P2 8 9 
P3 7 9 
P4 2 10 
P10 7 8 
Farming  
P11 8 11 
Fishing  
P12 4 11 
P14 0 11 
Ngāi Tāhu  
P5 9 11 
P9 8 10 
 
After using ElleVis, the threshold count of 11 partially or fully correct answers in the bird knowledge 
area was recorded by five participants (P5, P6, P11, P12 and P14), with stakeholder interests in 
biodiversity, farming, fishing and Ngāi Tāhu. This result indicates that these five participants now have 
at least a basic level of understanding of birds in the Lake region, sufficient to begin appreciating other 
stakeholders’ points of view. Thus these five participants have shown evidence of increased levels of 
knowledge of other stakeholders’ interests in birds with regard to the lake following use of ElleVis. 
Four participants (P4, P7, P8, and P9) with stakeholder interests in biodiversity, governmental and Ngāi 
Tāhu recorded a number of 10 partially or fully correct answers, while four others (P1, P2, P3 and P13), 
with stakeholder interests in biodiversity and government, recorded a count of nine. The lowest 
number of eight partially or fully correct answers was recorded by P10, a participant with 
governmental interests. Possible reasons why, even after experiencing the visualisation tool, nine 
participants failed to achieve a basic level of understanding of “birds” sufficient to begin appreciating 
other stakeholders’ viewpoints, will be discussed in Chapter 8. 
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The results in Table 7.12 can be coded as binary outcomes with “0” representing participants who do 
not have a basic level of understanding for shared understanding to occur and “1” representing those 
who have a basic level of understanding sufficient to begin appreciating other stakeholders’ points of 
view (shared understanding) (see Table 7.13). This binary coding is necessary to perform the 
appropriate statistical test ─ the McNemar test ─ to assess the significance of participants’ acquisition 
of shared understanding following use of ElleVis. 
 
Table 7.13 Coded pre-test and post-test in binary 
Participant grouping Knowledge area - Birds 
Biodiversity Pre-test (x) Post-test (y) 
P1 0 0 
P6 0 1 
P7 0 0 
P8 0 0 
P13 0 0 
Governmental  
P2 0 0 
P3 0 0 
P4 0 0 
P10 0 0 
Farming  
P11 0 1 
Fishing  
P12 0 1 
P14 0 1 
Ngāi Tāhu  
P5 0 1 
P9 0 0 
 
 
Thus the marginal proportions in Table 7.13 are: 
        Ppre-test = 0/14 and  
Ppost-test =5/14 
 
Table 7.13 shows that none of the participants had sufficient knowledge of birds to demonstrate 
shared understanding prior to encountering ElleVis, and in the post-test, five of fourteen now have a 
basic understanding of birds sufficient to begin appreciating other stakeholders’ points of view. To test 
whether changes in participants’ shared understanding in the pre-test and post-test of the bird 
knowledge area were statistically significant, a McNemar test was conducted. The McNemar test is 
appropriate to test the difference between paired binary data in pre-experimental studies (studies that 
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participants serve as their own controls) and in studies with a pre-test and post-test design (Siegel & 
Castellan, 1988). The test involved using a null hypothesis that there is no difference in frequency11 of 
shared understanding between the pre-test and post-test. 
Given that the McNemar test is designed to test the difference between paired binary data, it lends 
itself to analysing whether or not a basic understanding has been achieved. (As previously discussed – 
Section 7.3, page 94 ─ a basic understanding is required for participants to appreciate the different 
views on lake values that are of significance to other stakeholders.) 
McNemar test for Bird knowledge area 
The test was undertaken to see whether changes in participants’ shared understanding in the pre-test 
and post-test were statistically significant. This was determined using a two-tailed test with an alpha 
of 0.10 and using a null hypothesis that there is no difference in the frequency of shared understanding 
between the pre-test and post-test. 
Table 7.14 McNemar test for Bird knowledge area 
Pre-test & Post-test Test Statisticsa 
Pre-test 
Post-test 
 Pre-test & Post-test 0 1 
0 9 5 N 14 
1 0 0 Exact Sig. (2-tailed) .063b 
 a. McNemar Test 
b. Binomial distribution used 
 
This test (Table 7.14) shows that the use of ElleVis has significantly increased the proportion of all 
participants with shared understanding (p < 0.1). The results given in Table 7.14 further supports the 
conclusion that the use of ElleVis significantly increased all participants’ shared understanding of the 
impact of Te Waihora/Lake Ellesmere opening regimes on birds. Possible reasons why participants’ 
scores in the bird knowledge area were significant are discussed further in Chapter 8, Section 8.4.1. 
7.3.2 Knowledge area: Fish 
The pre-test results in Table 7.15 show that the threshold count of eight partially or fully correct 
answers was recorded by seven participants (P2, P3, P7, P9, P11, P12, and P14), including those with 
stakeholder interest in fish. The lowest number of partially or fully correct answers zero (0) was 
recorded by a participant with a stakeholder interest in biodiversity (P13). Following Clark and 
11 “Frequency” here refers to the number of 1’s in the pre-test and post-test. 
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Brennan’s (1991) reasoning, the seven participants who recorded a threshold count of eight for fish 
had sufficient knowledge of fish prior to using ElleVis to appreciate other stakeholders’ concerns 
relating to fish. 
Table 7.15 Number of answers at least partially correct: Fish knowledge area 
Participant grouping Knowledge area - Fish 
Biodiversity Pre-test (x) Post-test (y) 
P1 5 8 
P6 4 8 
P7 8 8 
P8 4 7 
P13 0 4 
Governmental  
P2 8 8 
P3 8 7 
P4 6 5 
P10 6 7 
Farming  
P11 8 8 
Fishing  
P12 8 8 
P14 8 8 
Ngāi Tāhu  
P5 7 8 
P9 8 8 
 
After using ElleVis, the threshold count of eight partially or fully correct answers in the fish knowledge 
area was recorded by nine participants across all stakeholder interests, including participants (P12 and 
P14) with stakeholder interests in fish. This result indicates that these nine participants now have a 
basic level of understanding of fish in the Lake region, sufficient to begin appreciating other 
stakeholders’ points of view even though their main interests (except for P12 and P14) are not in fish. 
Two participants, P3 and P4, displayed post-test results which were below their pre-test results, and 
this would indicate a decrease in understanding, while one respondent (P13) displayed the lowest 
number in the pre-test and post-test. Possible explanations of the findings related to P3, P4 and P13 
will be discussed in Chapter 8.  
The results in Table 7.15 can be coded as binary outcomes with “0” representing participants who do 
not have a basic level of understanding for shared understanding to occur and “1” representing those 
that have a basic level of understanding sufficient to begin appreciating other stakeholders’ points of 
view (shared understanding) (see Table 7.16). To test whether changes in participants’ shared 
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understanding in the pre-test and post-test of the fish knowledge area were statistically significant, a 
McNemar test was again conducted. 
Table 7.16 Coded pre-test and post-test in binary 
Participant grouping Knowledge area - Fish 
Biodiversity Pre-test (x) Post-test (y) 
P1 0 1 
P6 0 1 
P7 1 1 
P8 0 0 
P13 0 0 
Governmental  
P2 1 1 
P3 1 0 
P4 0 0 
P10 0 0 
Farming  
P11 1 1 
Fishing  
P12 1 1 
P14 1 1 
Ngāi Tāhu  
P5 0 1 
P9 1 1 
 
The marginal proportions in Table 7.16 are: 
        Ppre-test  = 7/14  and  
Ppost-test = 9/14 
Table 7.16 shows that half the participants had sufficient knowledge of fish prior to using ElleVis to 
appreciate other stakeholders’ concerns relating to fish. After using ElleVis, Table 7.16 shows nine 
participants now have a basic understanding of fish in Te Waihora/Lake Ellesmere, sufficient to begin 
appreciating other stakeholders’ points of view.  
 
McNemar test for Fish knowledge area 
As with ‘Birds’, the test was undertaken to see whether changes in participants’ shared understanding 
in the pre-test and post-test were statistically significant. This was determined using a two-tailed test 
with an alpha of 0.10 and using a null hypothesis that there is no difference in frequency of shared 
understanding between the pre-test and post-test. 
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Table 7.17 McNemar test for Fish knowledge area 
Pre-test & Post-test Test Statisticsa 
Pre-test 
Post-test   
Pre-test & Post-test 0 1 
0 4 3 N 14 
1 1 6 Exact Sig. (2-tailed) .625b 
 a. McNemar Test 
b. Binomial distribution used 
 
This test (Table 7.17) shows that the differences in all participants’ shared understanding between the 
pre-test and the post-test in the fish knowledge area were not significantly different (p=0.625, n= 14). 
Possible reasons why participants’ scores in the fish knowledge area were not significantly different 
are discussed further in Chapter 8, Section 8.4.2.  
7.3.3 Knowledge area: Farming 
The pre-test results in Table 7.18 show that the threshold count of two partially or fully correct answers 
was recorded by six participants (P1, P3, P5, P6, P12, and P14) across all stakeholder interests except 
for farming. The lowest number of partially or fully correct answers (0) was recorded by two 
participants (P2, P8) with stakeholder interests in government and biodiversity respectively. The six 
participants who recorded the threshold count of two for farming had sufficient knowledge of farming 
prior to using ElleVis, making it easier for them, despite being non-farming stakeholders, to appreciate 
other stakeholders’ concerns relating to farming. 
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Table 7.18 Number of answers at least partially correct: Farming knowledge area 
Participant grouping Knowledge area - Farming 
Biodiversity Pre-test (x) Post-test (y) 
P1 2 2 
P6 2 2 
P7 1 2 
P8 0 2 
P13 1 1 
Governmental  
P2 0 1 
P3 2 2 
P4 1 2 
P10 1 1 
Farming  
P11 1 2 
Fishing  
P12 2 2 
P14 2 2 
Ngāi Tāhu  
P5 2 2 
P9 1 2 
 
After using ElleVis, the threshold count of two partially or fully correct answers in the farm knowledge 
area was recorded by 11 participants across all stakeholder interests, including a participant (P11) with 
farming interests. The results indicate that these 11 participants now have a basic understanding of 
farming in the Lake region, sufficient to begin appreciating other stakeholders’ points of view even 
though the main interests of all but one of them (P11) are not in farming. The lowest count of one was 
recorded by three participants ─ P2, P10 and P13 ─ in biodiversity and governmental stakeholder 
categories. Possible reasons why these participants failed to achieve a basic level of understanding in 
relation to farming sufficient to begin to appreciate other stakeholders’ points of view, will be 
discussed in Chapter 8. 
The results in Table 7.18 can be coded as binary outcomes with “0” representing participants who do 
not have a basic level of understanding for shared understanding to occur and  “1” representing those 
that have a basic level of understanding sufficient to begin appreciating other stakeholders’ points of 
view (shared understanding) (see Table 7.19). 
Table 7.19 shows that six of fourteen participants had sufficient knowledge of farming prior to using 
ElleVis to appreciate other stakeholders’ concerns relating to farming. Table 7.19 shows that after 
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using ElleVis, eleven of fourteen now have a basic understanding of farming in Te Waihora/Lake 
Ellesmere, sufficient to begin appreciating other stakeholders’ points of view.  
The marginal proportions in Table 7.19 are: 
           Ppre-test = 6/14   and  
Ppost-test = 11/14 
Table 7.19 Coded pre-test and post-test in binary 
Participant grouping Knowledge area - Farming 
Biodiversity Pre-test (x) Post-test (y) 
P1 1 1 
P6 1 1 
P7 0 1 
P8 0 1 
P13 0 0 
Governmental  
P2 0 0 
P3 1 1 
P4 0 1 
P10 0 0 
Farming  
P11 0 1 
Fishing  
P12 1 1 
P14 1 1 
Ngāi Tāhu  
P5 1 1 
P9 0 1 
 
To test whether changes in participants’ shared understanding in the pre-test and post-test of the 
farming knowledge area were statistically significant, a McNemar test was once again conducted. 
 
McNemar test for Farming knowledge area 
As with ‘Birds’ and ‘Fish’,  the test was undertaken to see whether changes in participants’ shared 
understanding in the pre-test and post-test were statistically significant. This was determined using a 
two-tailed test with an alpha of 0.10 and using a null hypothesis that there is no difference in frequency 
of shared understanding between the pre-test and post-test. 
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Table 7.20 McNemar test for Farming knowledge area 
Pre-test & Post-test Test Statisticsa 
Pre-test 
Post-test   
Pre-test & Post-test 0 1 
0 3 5 N 14 
1 0 6 Exact Sig. (2-tailed) .063b 
 a. McNemar Test 
b. Binomial distribution used 
 
This test (Table 7.20) shows that the use of ElleVis has significantly increased the proportion of all 
participants with shared understanding (p < 0.1). The results given in Table 7.20 further support the 
conclusion that the use of ElleVis significantly increased all participants’ shared understanding of the 
impact of Te Waihora/Lake Ellesmere opening regimes on farming. 
Further discussion of the results is provided in Chapter 8.  The following section presents the post-
study comments of the participants. 
7.4 Post-study comment and implications 
The post-study questionnaire allowed participants to provide feedback on ElleVis and provided a 
suitable closure to interactions with participants. 
Participants were asked to rate on a 3-point scale (see Chapter 6, Section 6.1.5) in response to the 
question, “Do you think that the interactive visualisation tool has enhanced your understanding of the 
lake management issues?” The results are presented in Table 7.21. 
Table 7.21 Participants’ responses 
Question A lot A little Not at all 
Do you think that the interactive visualisation tool 
has enhanced your understanding of the lake 
management issues? 
10 4 0 
 
Over 70% of participants rated themselves as having learned ‘a lot’, and the remainder rated 
themselves as having learned ‘a little’. Such positive responses suggest that by their exposure to the 
ElleVis visualisation tool, participants believed their understanding of issues related to lake 
management had been significantly enhanced. Accompanying comments included the following: 
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“good as it is”; “fantastic”; “cool”; “so so cool”; “I love this tool”; “very promising tool”; “this is what 
we need”; “very interesting particularly with the mapping visual. I expect individual property owners 
would find an enlarged version of the map useful.”  
In response to the question, “Do you think the ElleVis visualisation program presents an accurate 
picture of lake behaviour?”, nine participants responded ‘Yes’ while five indicated they were ‘Not sure’. 
Some participants, particularly those who represent government interests12, believed their interests 
were not adequately presented by ElleVis as indicated by the following comments: 
 “In general it does, but it is too difficult to be able to say so. If my interests had been included I should 
have been able to answer this”. 
“Not sure, more data required on birds”. 
Others, also representing government interests, were of the view that the wet, normal and dry year 
values presented in the summary table of ElleVis ought to have portrayed daily instead of monthly 
values. One participant commented:  
 “Don’t think the average wet and dry year are truly represented, as you break your answers into 
months”  
To eliminate such concerns, the daily, highest, lowest and average lake levels for a month can be shown 
in future studies. Future studies can also expand the lake values that the ElleVis summary table reports, 
to address concerns of stakeholders who think their interests are not adequately represented. (These 
and other matters relating to revising ElleVis are taken up in Chapter 11.) 
7.5 Summary 
This chapter has reported the results of the study that was conducted to assess whether ElleVis helped 
build a personal and shared understanding of the issues associated with the impact of opening regimes 
on lake values at Te Waihora/Lake Ellesmere. The participants in the study were stakeholders of Te 
Waihora/Lake Ellesmere. Participants’ background knowledge revealed that they represented 
different stakeholder interests and are very involved in lake management processes, with the majority 
being concerned with the improvement of biodiversity in the lake. Participants’ understanding of the 
impact of opening regimes on lake values at Te Waihora/Lake Ellesmere was assessed using a pre-test 
and post-test approach. The raw data show that an increase in understanding was evident after the 
participants used the ElleVis visualisation program. Paired t-tests and Wilcoxon signed-ranks tests 
12 Refer to page 87 for the term “governmental interests.” 
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performed on the pre-test and post-test results further confirm that a significant increase in personal 
understanding had occurred. Participants’ shared understanding was assessed using the raw data from 
pre-test and post-test scores in three knowledge areas – birds, fish and farming. This provided a good 
measure to assess whether participants increased their levels of understanding of other stakeholders’ 
interests. Employing a McNemar test showed a significant increase in shared understanding in the bird 
and farm knowledge areas, but not a significant increase in the fish knowledge area. In a post-study 
evaluation, participants also provided valuable feedback on the effectiveness of ElleVis in terms of 
increasing their understanding of the impact of opening regimes on lake values and visualising lake 
behaviour.  
The results of the study strongly indicate that the use of visualisation can play an important role in 
changing understandings of stakeholders who have different interests. The raw data showed that the 
personal understanding of the participants increased after using ElleVis. In the three knowledge areas 
related to shared understanding ─ birds, fish and farming ─ a more complex relationship between the 
ElleVis visualisation tool and levels of shared understanding among stakeholder groupings became 
apparent, however. This is an important ‘complication’ which has implications for the use of computer 
visualisation as a means of increasing shared understanding and is a point which will be taken up 
further in the following chapter, Chapter 8. 
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Chapter 8 
Shared Understanding using ElleVis - Discussion  
This study assessed whether an interactive visualisation tool – ElleVis – increased shared 
understanding amongst the stakeholders of Te Waihora/Lake Ellesmere about the impact of opening 
regimes on lake values. This required that the interactive visualisation tool satisfies a number of 
principles which are discussed in this chapter:  
(a) the principle of accuracy (see Section 8.1), which is being truthful to the conditions 
and scenarios expected from the visualisation;  
(b) the principle of effectiveness (Section 8.2) in ensuring that the overall content of the 
visualisation is easily understandable (Sheppard, 1986, 2001); 
(c) the principle of enhancing participants’ cognitive abilities and generate insight into 
issues (Sections 8.3 and 8.4), thereby increasing personal as well as shared 
understanding.  
This chapter discusses the results in light of the above principles.  
8.1 Perception of the accuracy of ElleVis 
The role and value of visualisation tools in presenting information has been widely noted by various 
researchers as enhancing understanding and influencing decisions (Dockerty et al., 2006; Lange & 
Hehl-Lange, 2006; Lewis & Sheppard, 2006; Sheppard & Meitner, 2005; Stock et al., 2007; Tress & 
Tress, 2003) .The results of this study show that the majority of participants (9 of 14 (64%)) believed 
ElleVis to be capable of accurately presenting Te Waihora/Lake Ellesmere in a realistic way ─ using 
different opening regimes with seasonal variations. This helped raise awareness of possible 
consequences of those regimes on Te Waihora/Lake Ellesmere. In the case of nine participants, ElleVis 
presents an accurate picture of lake behaviour under different conditions. The other participants, 5 of 
14 (36%), particularly those with government interests, responded they were not sure whether ElleVis 
presented an accurate picture of lake behaviour. This was partly because they felt that their interests, 
particularly the distribution of vegetation types as saltmarsh herbfield and riparian vegetation, were 
not adequately presented by ElleVis, as evident from the comments in Section 7.4. Others were of the 
view that some calculations involving the seasonal variations should have been presented differently, 
that is, periods of long summers and/or long winters.  
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Improvements to the visualisation tool are required as some participants found the monthly reporting 
in the summary table to be too coarse. This could be addressed through further refinements of the 
ElleVis visualisation tool by allowing participants to zoom in on the colour coded cells to display daily 
values on investigating alternative representations (Currently, each row in the summary table 
represents one lake value with each colour representing lake level conditions.). Further refinements 
can be made to support direct, simultaneous comparison of attributes in different lake opening 
regimes, that is, the various outputs of the seasonal variations can be represented on a single screen 
for easy comparison.  
The changes recommended by the participants are superficial ones that do not detract from the 
accuracy of the modelling. As stated previously in Chapter 7, Section 7.4, the great majority of the 
respondents believe that the visualisation produced from ElleVis is capable of presenting a realistic 
representation of lake behaviour. 
8.2 Effectiveness of ElleVis 
The respondent (14/14) comments in the post-study questionnaire (see Section 7.4) show that ElleVis 
gave participants a clearer view of issues regarding the different opening regimes of Te Waihora/Lake 
Ellesmere. The layout of the visualisation in ElleVis, coupled with the appropriate methods to view 
each type of data set (either graphical, spatial or tabular) and the responsiveness of the visualisation, 
allowed the participants to explore how Te Waihora/Lake Ellesmere behaves under different opening 
regimes.  
8.3 Personal understanding  
Eppler and Burkhard (2007), Larkin and Simon (1987) and O'Donnell et al. (2002), claim that 
visualisation reduces cognitive load, enhances representation of relationships among complex 
constructs, and provides multiple retrieval paths for accessing knowledge. According to Few (2006), 
for this to be achieved, the visualisation has to be displayed in a form that matches the human thought 
process, enabling observers to form an accurate representation of the information being put across so 
that they understand what they see. 
The changes between the pre-test and post-test associated with the use of ElleVis show that, there 
was a significant increase in participants’ personal understanding of the impact of the different 
opening regimes of Te Waihora/Lake Ellesmere on lake values. The use of ElleVis enabled participants 
to explore multiple scenarios in the visualisation, and as a result to increase their level of personal 
understanding about issues relating to the impact of different opening regimes on Te Waihora/Lake 
Ellesmere. All participants rated themselves as having learnt "a lot" (10 out of 14) or "a little" (4 out of 
14) following use of ElleVis (see Section 7.4). These results indicate that majority of participants 
 107 
believed their personal understanding of the impact of different opening regimes on lake values was 
enhanced and this is consistent with the findings of other research (Bishop and Stock (2010); Lewis and 
Sheppard (2006); and Weiner et al., (2002)), which found that the use of visualisation as an 
intervention method increased participants’ knowledge of a natural resource issue. 
In the case of five participants – P2, P3, P7, P9 and P10 – the changes in understanding between the 
pre-test and post-test were minor, as shown in Figure 8.1. 
 
Figure 8.1 Minor change in personal understanding of 5 participants’ pre-test and post-test 
scores 
These participants (except P10) had maximum scores in their pre-test and post-test regarding their 
area of interest (see Section 7.3.2, Table 7.15) and as such can be considered as "experts" but their 
scores in the other areas did not change by more than a point or two between pre-test and post-test. 
For such participants, ElleVis had little impact in helping them to understand other stakeholders' 
interests. Another participant ─ P13 ─ scored very low (9) in the pre-test yet tripled his scores in the 
post-test. Thus, this participant’s personal understanding improved substantially after encountering 
ElleVis.  
8.4 Shared understanding 
Shared understanding in Chapter 2, Section 3.1, was defined as “The extent to which stakeholders 
demonstrate knowledge of the effects of lake levels on each other’s interests in birds, fish and farming”. 
Literature suggests that “common ground” (Clark & Brennan, 1991) constitutes the basic state to attain 
shared understanding. Finding common ground can be used to describe how people reach a joint 
understanding in the form of “mutual knowledge, beliefs and assumptions” (Clark & Brennan, 1991). 
Based on Clark and Brennan’s interpretation of shared understanding, for this to be achieved, 
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Pre-test score 25 29 32 27 20
Post-test score 31 30 38 30 24
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participants in the study should demonstrate that they mutually understand each other. This mutual 
understanding was operationalised as participants achieving at least partially correct answers to all 
pre-test and all post-test questions in each of the areas – birds, fish and farming. As indicated earlier, 
mutual understanding does not necessarily mean that participants agree with each other.  
In the area of birds, 5 of 14 participants achieved a basic level of understanding following use of ElleVis, 
sufficient to begin to appreciate others’ points of view; none of the participants had any basic level of 
understanding in birds before use of ElleVis. In the area of fish, 9 of 14 participants achieved a basic 
level of understanding following use of ElleVis, sufficient to begin to appreciate others’ points of view; 
only half (7 of 14) of the participants had displayed any basic level of understanding of fish before use 
of ElleVis. In the area of farming, 11 of 14 achieved a basic level of understanding following use of 
ElleVis, sufficient to begin to appreciate others’ points of view; 6 had displayed a basic level of 
understanding of farming prior to using of ElleVis. Thus, by the use of ElleVis, participants achieved 
minimum threshold knowledge (common ground) sufficient to begin to appreciate other stakeholders’ 
points of view. This finding is consistent with Assaf et al. (2008) who state that when visualisation is 
used as a communication tool, participants are able to appreciate key issues from varying perspectives. 
However, the findings of this research indicate the need for some caution in the way that the claims 
for effectiveness of interactive visualisation tools are couched. The subsections below provide further 
discussion of participants’ scores in the three knowledge areas. 
8.4.1 Knowledge area ─ Birds 
In the area of birds, 5 of 14 participants achieved a basic level of understanding following use of ElleVis, 
a minimum threshold knowledge (common ground) of birds sufficient to appreciate others’ points of 
view (see Figure 8.2). Of the 9 participants who failed to achieve a basic level of understanding – 
establishing a common ground – four – P1, P7, P8 and P13 – had biodiversity interests, four – P2, P3,  
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P4 and P10 – had governmental interests, and the other – P9 – had Ngāi Tāhu interests. 
 
Figure 8.2 Pre-test and post-test results for participants with insufficient knowledge for shared 
understanding to occur in the bird knowledge area 
Even though these nine participants did not achieve the minimum threshold required for shared 
understanding, their knowledge levels were very high. These participants missed the minimum 
threshold mark for shared understanding by a point or two. A possible explanation is that they may 
have misinterpreted certain features of the visualisation from the summary table involving some lake 
values, because their interests were not apparent, as evident from the comments in Section 7.4. This 
does not mean ElleVis was per se ineffective, however. The McNemar test shows that there is a 
statistically significant difference in the proportions of all participants with shared understanding in 
the pre-test and post-test (p <0.1). This means that the use of ElleVis significantly increased 
participants’ shared understanding of the impact of Te Waihora/Lake Ellesmere opening regimes on 
birds. 
8.4.2 Knowledge area ─ Fish 
The results of the study show that in the area of fish, 9 of 14 participants achieved a basic level of 
understanding following use of ElleVis. These nine participants have now attained the minimum 
threshold knowledge (common ground) in fish to appreciate others’ points of view. Five participants 
failed to achieve this threshold. (See Figure 8.3). Of the five, two – P8 and P13 – had biodiversity 
interests, and the other three – P3, P4 and P10 – had governmental interests. 
P1 P7 P8 P13 P2 P3 P4 P10 P9
Pre-test score 5 8 0 4 8 7 2 7 8
Post-test score 9 10 10 9 9 9 10 8 10
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 Figure 8.3 Pre-test and post-test results for participants with insufficient knowledge for shared 
understanding to occur in the fish knowledge area 
Two participants – P3 and P4 – who have government interests, showed diminished understanding of 
‘fish’. One of these participants mentioned in the pre-study questionnaire that his main concerns about 
Te Waihora/Lake Ellesmere were related to vegetation conservation. The other participant saw his 
main concern as being about drainage sites around the lake. Even though there was no documentary 
evidence of loss of interest in the post-study questionnaire sheet, a possible explanation for these 
participants’ diminished understanding may be that their particular concerns were not addressed in 
the visualisation and as such, they lost interest in the post-test. Another possible explanation may be 
that their interpretation of some features of the visualisation produced from ElleVis might have misled 
them: because their interests were not present, they may have overlooked some features of the 
visualisation or they may have expected ElleVis to have behaved in a way that it did not. Participant 
P13 scored (0) in the pre-test yet four in the post-test. This participant showed some gains in 
understanding, even though these gains were not sufficient to achieve a basic level of shared 
understanding. In the case of participants P8 and P10, there is no apparent reason to explain why they 
failed to achieve a basic level of understanding after using the visualisation tool. These discrepant 
findings contribute to the absence of statistically significant results presented in the fish knowledge 
area performed using the McNemar test (p=.625, n= 14) (see Chapter 7, Section 7.3.2). However, if a 
slightly different measure were used to assess shared understanding (for example 50% overall score 
in either pre-test or post-test) instead of the strict adherence of insisting participants achieve partially 
correct answers to all pre-test or all post-test, the results would have been significant. This is because 
the knowledge levels for participants P3, P8, and P10 were very high after they encountered ElleVis. 
Participants P2, P7, P9, P11, P12 and P14 had maximum scores in both pre-test and post-test. Of these 
six participants, one ─ P7 ─ had biodiversity interests, two – P12 and P14 – were fishers, one – P2 – had 
P8 P13 P3 P4 P10
Pre-test 4 0 8 6 6
Post-test 7 4 7 5 7
0
1
2
3
4
5
6
7
8
9
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government interests, one – P9 – had Ngāi Tāhu interests and the other – P11 – had farming interests. 
These six participants met the basic level of understanding threshold, but they did not need the 
visualisation to achieve this threshold. As pointed out in Chapter 6 (Section 6.1.6), in the case of 
participants who are experts in their field, one cannot expect an upward shift through using ElleVis or 
any other ‘instructional medium’, no matter how sophisticated the intervention tool may be, since 
their scores are already at or very close to one hundred per cent.  
8.4.3 Knowledge area ─ Farming 
The results of the study show that in the area of farming, eleven participants achieved a basic level of 
understanding of farming following use of ElleVis – sufficient to appreciate others’ points of view. 
Three participants did not achieve the threshold (see Figure 8.4). Of these three, two – P2 and P10 – 
had governmental interests, and the other – P13 – had biodiversity interests. A possible explanation 
for this may be that, as with the anomalies under “birds” and “fish”, some stakeholders showed no 
interest in certain knowledge areas. This does not mean ElleVis was per se ineffective; it was more that 
these specific participants felt that their interest areas were not addressed in ElleVis, as evident from 
the comments in Chapter 7, Section 7.4. Interestingly, participant P11 ─ whose interest is in farming, 
increased his personal understanding after encountering ElleVis. 
Eight participants (P1, P3, P5, P6, P10, P12, P13 and P14) displayed no change in understanding. Of 
these, six (P1, P3, P5, P6, P12 and P14) had maximum scores in both pre-test and post-test. As was the 
case with “fish”, one cannot expect participants who are already experts in their field, to show any 
knowledge gains.   
 
Figure 8.4 Pre-test and post-test results for participants with insufficient knowledge for shared 
understanding to occur in the farming knowledge area 
P2 P10 P13
Pre-test 0 1 1
Post-test 1 1 1
0
1
2
Sc
or
e
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The McNemar test shows that there is a statistically significant difference in the proportions of all 
participants with shared understanding in the pre-test and post-test (p <0.1). This means that the use 
of ElleVis significantly increased all participants’ shared understanding of the impact of Te 
Waihora/Lake Ellesmere opening regimes on farming. 
There is very little coverage in previous reporting of visualisation studies of anomalous findings – 
findings where some respondents do not provide predicted responses. This did not prepare the author 
for the methodological complications involved in interpreting such discrepant findings. Thus, in all 
three knowledge areas – “birds”, “fish” and “farming” – we are resorting to speculation about 
participants’ interests to explain apparently discrepant findings. Given that the purpose of ElleVis was 
to improve shared understanding rather than levels of shared interests, issues regarding levels of 
motivation and interests (which may account for some of the “discrepant” responses), were not 
pursued in this study. These clearly need to be addressed in future research on the role of interactive 
visualisation tools in contributing to changes in shared understanding. (See Chapter 11 for further 
discussion.) 
8.5 Summary 
This chapter discusses the implications of the results of the initial study in light of the research question 
and resulting method: did ElleVis helped build a shared understanding of the issues associated with 
the impact of different opening regimes on Te Waihora/Lake Ellesmere? The power of visualisation to 
enhance understanding and influence decisions has been widely noted by different authors. This study 
showed that ElleVis was able to facilitate communication about the impact of different opening 
regimes on Te Waihora/Lake Ellesmere among the various stakeholders. This was mainly because 
information was presented in formats that were able to project how Te Waihora/Lake Ellesmere 
behaves under various seasonal scenarios. This in turn allowed participants to explore multiple 
scenarios and as a result increase their level of personal understanding about the impact of the 
different opening regimes on Te Waihora/Lake Ellesmere. The study also demonstrated that, by using 
ElleVis, participants were able to appreciate other stakeholders’ points of view. Conjectural 
explanations of exceptional cases, i.e., as to why some participants failed to increase their shared 
understanding, included the following: in the case of participants who are already experts in their field, 
ElleVis made little impact on what they already knew; in the case of other participants, lack of interest 
in certain knowledge areas may have restricted their ability and willingness to become better 
informed. Due to very little reporting of anomalous findings in previous visualisation studies, however, 
there was no ability to ‘anticipate’ the occurrence of such ‘exceptional’ cases in the design of this study 
and hence it has been necessary to rely on ex poste facto conjectures to “explain” discrepant findings.  
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The results of the initial study showed that the interactive visualisation significantly increased the 
personal understanding of all participants, and shared understanding in the areas of birds and farming 
(p < 0.1). However, because the pre-experimental design of this initial study meant that it lacked a 
control group, it is not possible to confirm that increases in knowledge were solely the result of using 
an interactive tool. It is possible, for example, that providing information about changes in lake 
behaviour in a carefully and clearly presented non-interactive form may be as successful as providing 
it in an interactive form of ElleVis.  
The following chapters, 9 and 10, report on a subsequent study, undertaken to explore whether the 
improvement in personal and shared understanding evident in this initial study can be attributed to 
the interactive visualisation tool (ElleVis).   
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Chapter 9 
Comparison of Interactive and Non-Interactive Visualisation – 
Research Method 
The results of the initial study suggested that interactive visualisation has an important role to play in 
the management of natural resources. The personal understanding of all participants and shared 
understanding in the areas of birds and farming increased significantly (p < 0.1) following use of ElleVis. 
Given that the number of available stakeholders was small, it was not possible to employ a control 
group and without this, it is not possible to confirm that increases in knowledge were solely the result 
of using the interactive tool.  It is possible, for example, that providing information about changes in 
lake behaviour in a carefully and clearly presented non-interactive form may be as successful as 
providing it in an interactive form of ElleVis. Therefore, a second, follow-up study was undertaken 
using a modified research design to determine whether there are significant differences in knowledge 
outcomes depending on the form in which information is presented – Interactive or Non-interactive. 
The research question related to this is as follows: 
 
Does use of an interactive visualisation make a significantly greater contribution to people’s 
understanding of the impacts of lake opening regimes on lake values at Te Waihora/Lake 
Ellesmere than use of a non-interactive visualisation? 
To answer the above research question, the research design involved: 
• Approaching people who have an interest in Te Waihora/Lake Ellesmere and its future 
management and seeking an appropriate study population (approximately 40 test 
participants). 
• Randomly assigning the test participants to two treatment groups – Group A and Group B. 
• In the case of both groups, initially conducting a pre-test, using exactly the same questions and 
question formats, to establish the levels of participants’ knowledge of the lake before the 
interventions are undertaken.  
• Following the pre-test each group receives a version of the visualisation and undertakes the 
same activities. Group A receives the interactive version, Group B the non-interactive version.  
• Both groups undertake a post-test that is identical to the pre-test. Having been provided with 
the same information about the lake but in two different forms, both groups are asked to 
answer the same questions as in the pre-test. In this way, it is possible to assess whether group 
members’ knowledge of the lake has changed and whether any differences in knowledge 
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acquisition between the two groups are statistically significant. (The content of the pre-test 
and post-test were exactly the same in the second study as in the initial study.) 
• Asking members of both groups, in a post-study guided discussion, for their views about the 
impact of the information provided to them on their knowledge of the lake. This discussion is 
necessary to see if there were any patterns or differences with participants’ experiences or 
impressions of the way information was provided to them. 
9.1 Target research population 
For the purposes of this study, the target population was people who have an interest and 
understanding in Te Waihora/Lake Ellesmere and its future management, rather than the general 
public; for example, residents of Lower and Upper Selwyn Huts and Greenpark Huts, Little River Trail 
Trust, Local Marae, Ornithological Society, Gun Club and Aquatic Club. It was anticipated and hoped 
that their general interest in the lake would encourage such people to participate. For this type of 
study, a sample size of at least 15 participants in each group would ensure that significant difference 
between the two groups were detected (Spector, 1981). Forty participants (20 in each group) were 
used for the study.  All aspects of this study design, including digital recording of ‘qualitative’ interviews 
(see Section 10.4), were approved by the Lincoln University Human Ethics Committee (see Appendix 
F.1). 
9.2 Study design 
A split-sample test was used to communicate the same information about the lake but in two different 
forms for Groups A and B (see Figure 9.1). Using the same measures for both groups across treatments 
allows an assessment of changes in understanding according to the different forms – interactive 
visualisation and non-interactive visualisation – in which information was presented.  
 
For this follow-up study, issues related to shared understanding were not pursued because of the 
diverse interests of the participants. This is because most of the participants contacted have a general 
rather than specific interest in the lake, and thus, it was not possible to identify specific areas of 
interest which could act as a benchmark for studying any changes in shared understanding.  
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9.2.1 Instruments 
Figure 9.2 shows the different forms of information developed for the study. The guided exploration 
is a textual document that contains pictorial representations of lake values; for example, species of 
birds and fish that thrive under different conditions in the lake. The purpose of having this guided-
exploration is for participants to be informed of lake values that they may be less familiar with under 
different opening regimes.  
 
 
 
 
 
 
 
 
Guided exploration 
Group A Group B 
Interactive visualisation 
(ElleVis) 
Non-interactive visualisation  
(Screen shots taken from 
ElleVis) 
 
Group B 
 
 
 
Post-test 
Target population 
Pre-test 
Post-study questions 
 
Demo 
Guided exploration  
Interactive visualisation 
(ElleVis)  
Non-interactive 
visualisation 
Group A 
Guided exploration 
Demo 
Figure 9.1 Overview of study design 
Figure 9.2  Different forms of information developed for test groups A and B 
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Both groups were given the guided exploration sheet, Group A used the interactive visualisation tool 
(ElleVis) to take them through the guided exploration, while Group B used screen shots taken from the 
interactive tool (ElleVis) but presented in paper form. 
9.2.2 Procedure for collecting data 
Group A participants were pre-tested, then exposed to a visual demonstration intended to show them 
how to use the visualisation tool, which is customised software. The demonstration involved 
participants ‘seeing and interacting’ with the visualisation but not exploring all possible scenarios. Then 
they were given guided-exploration tasks using the interactive visualisation tool, ElleVis. Finally, the 
participants were post-tested.  
Group B participants were pre-tested then shown how to locate and interpret the different features 
of ElleVis using the paper-based visualisation. They were then given the same guided-exploration tasks 
as Group A, however this group completed them using the non-interactive visualisation rather than 
the interactive visualisation. (see Appendix F.3). A post-test then took place.    
After the post-test, the research design for both groups moved to a qualitative phase – a post-study 
guided discussion. The design was intended to give participants time and opportunity to think about 
the forms of information provided to them and to record their own impressions. A series of questions 
was developed to gather feedback on the issues participants encountered using the visualisations. The 
focus of the questions included: whether the forms of intervention did or did not assist them in their 
ability to answer questions in the post-test; the perceived benefits and drawbacks with the form in 
which information was presented. Each interview was digitally recorded with the permission of 
participants, and written notes were also made. The recording was subsequently transcribed, allowing 
for thematic analysis.  
The researcher worked with each participant individually at a time and place most convenient to each 
participant.  
9.2.3 Data analysis 
Data collected in the pre-test, post-test and post-study guided discussions allowed several types of 
analyses to be undertaken. These were necessary in order to triangulate responses from different ways 
of asking how forms of information influence learning and knowledge acquisition.   
Participants’ responses in the pre-test and post-test were interpreted against the grading schedule 
(see Table 6.7) using the mean and standard deviation to determine if there were any changes in their 
levels of personal understanding. To determine whether differences in scores between the pre-test 
and post-test were significant, a paired samples t-test was conducted for both groups. Further, an 
 118 
independent t-test was performed on the comparative changes in understanding that occurred in both 
groups to determine whether there are significant differences in knowledge outcomes depending on 
the form in which information was presented. (See Chapter 10, Section 10.3, for the results of this 
analysis.) 
9.2.3.1 Analysis of qualitative data 
Participants were guided in the post-study interview by a series of prompts. The following prompts 
embedded in questions were used to guide the discussion: usefulness of the visualisation (non-
interactive or interactive); most effective component of the visualisation; alternate forms of 
information provision to assist in understanding of lake issues; prior knowledge of the lake; usability 
of the visualisation tool (non-interactive or interactive); accuracy of the visualisation in depicting the 
lake behaviour; increase in knowledge about the lake after using the visualisation; benefits of the 
visualisation (non-interactive or interactive); other general comments about the way information was 
presented. (See Figure 9.3 for an illustration). The interviews were transcribed verbatim and the data 
organised into groups which relate to areas of interest as generated by the ‘prompts’ above.  
Data was arranged using the NVivo software  based on ‘self-emerging’ themes from the transcripts 
(Halcomb & Davidson, 2006). These themes were examined in relation to the key research question of 
the follow-up study. Themes explored include: discussions highlighting on interactivity of the 
visualisations; effectiveness of the visualisation format; usefulness of the visualisation; ease of use of 
the visualisation; the perceived benefits and drawbacks associated with the form or forms of 
information presented (refer to Table 9.1 for an example of the coding system used for the study). The 
‘codes’ transfer across interviews and thus allow comparison.  
A content or thematic analysis approach was used to analyse the interviews. This approach 
systematically analyses texts and requires the researcher to generate codes (for example, themes) 
directly from the data, and continuously analyse these codes whenever new data are 
interrogated/inspected (Creswell, 1998; Hesse-Biber et al., 2006; Langan-Fox et al., 2004; Patton, 
2005). Figure 9.3 gives an example of a portion of a coded interview where the codes identified in 
column 1 of Table 9.1 are applied directly to segments of the text in situ. (Chapter 10, Section 10.4.1, 
provides the results of this analysis.) 
 
 
 
 119 
Table 9.1 Coding system 
Code Theme Code Theme 
1. The accuracy of visualisations in showing lake 
behaviour 
5. Other forms of information provision that would 
also increase understanding 
1.1 Mixed responses from participant regarding 
perception of accuracy of ElleVis 
5.1 Significant ‘other’ forms of information provision 
1.2 Negative responses from participant regarding 
perception of accuracy of ElleVis 
5.2 Satisfied with current provision of ElleVis 
1.3 Positive responses from participant regarding 
perception of accuracy of ElleVis 
5.3 No idea/don’t know 
    
2. Most effective component of the visualisation 6. Increase in understanding of lake management 
issues after exposure to visualisation 
2.1 Summary table 6.1 Positive response 
2.2 Line graph 6.2 Negative response 
2.3 Spatial map 6.3 Mixed response 
2.4 All of them 6.4 No idea/don’t know 
2.5 None of them   
    
3. Usefulness of the visualisation 7. Overall general comments regarding 
visualisations 
3.1 positive response suggesting useful nature of 
tool 
7.1 Positive response 
3.2 negative response suggesting tool needs 
improvement/lacks clarity/needs amendment 
7.2 Mixed response  
3.3 Mixed response regarding usefulness of tool 7.3 Negative response 
    
4. Usability of the visualisation tool  8. Interactivity 
4.1 User friendly/easy to use 8.1 Describing interactivity 
4.2 Rigid 8.2 Commenting on interactivity 
4.3 Suggesting improvements to make tool user 
friendly 
  
4.4 Don’t know/no idea 9. Prior knowledge of lake 
  9.1 Work/stay around the lake 
  9.2 Affected by the lake in many ways 
  9.3 Other interests in the lake 
 
 
Interviewer (I): Do you think this computer programme has enhanced your understanding of some of the lake 
management issues? 
Participant (P): Yes definitely 6.1. I think it does 6.1. It has a nice visual input 3.1, and the interactivity 8.2 for me is well 
collaborated 4.1. Because for me I can look at the lake level and look down at the colour coded information which is 
really good 3.1, 8.1. 
I: Do you think there is any other way information about the lake could have been presented to you that would 
increase your understanding  
P: I will find it very hard to improve upon what you have presented 5.1. I think yours is a very good presentation 3.1 and 
as I have said previously probably it improved my understanding 6.1. When it came to the test questions again, as I was 
able to match 8.1 the graph level with the months of the year so I can be looking at the optimum there and when the 
lake was opened and when it was closed 4.1 and I had a better way of relating 8.1 that to the issues I was comparing 
4.1. 
I: Oh ok. Do you think this computer program provides an accurate picture of how the lake behaves? 
P: Ah! I don’t know 1.1 if I could comment on that because I just presume that if the information was collected from 
ECAN and NIWA then they are based on accurate data that is the best information that you have got. 
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I: So do you think that this computer programme that is provided to you increases your understanding about your 
knowledge about the lake? 
P: Yeah it does 6.1 because I have lived here for a long time 9.1 and did not understand about the opening and closing 
and this helps me to understand 6.1, 3.1 that the opening and closing is dictated to by specific levels and did not realise 
that ECAN controlled it closely by actual measurable levels. I thought it is more of a rattle reading that if it is pretty high, 
let’s open it up. So it has contributed to my understanding 6.1. 
I: Which component of the visualisation did you find most effective? 
P: The summary table 2.1. The colour coding is well structured and easy to interpret 4.1. 
I: So do you have any additional comments you will like to add. I mean any general comments about how information 
was presented to you today? 
P: I found that when information was presented to me in the beginning I was not good at looking at numbers and 
understanding what the process is but having the information laid out actually 3.1 and how they interact 8.2 with one 
another 4.1 and the change this scenario and you could look at graph of water level and compare down to how it 
impacted 8.1 on the population is pretty good and pretty useful 7.1 
Figure 9.3 Interview segment with appropriate coding inserts: An illustration 
  
9.3 Summary 
This chapter has described the research design conducted to determine whether there are significant 
differences in knowledge acquisition depending on the form in which visualisation of environmental 
changes is presented. It was anticipated that the results would provide greater certainty that the 
changes in knowledge demonstrated in the initial study were indeed the result of using computer-
aided interactive visualisation.  
All participants were members of the public who have a general interest in the management of Te 
Waihora/Lake Ellesmere.  
A split-sample test was used to communicate the same information about the lake but in two different 
forms. One group – Group A – experienced the interactive visualisation while the other – Group B – 
experienced screen shots taken from ElleVis as a non-interactive/paper-based visualisation.  
A variety of data were collected in the pre-test, post-test and the post-study discussion. These data 
were collected to determine whether there were any changes in the level of personal understanding 
of participants regarding the impact of opening regimes on lake values at Te Waihora/Lake Ellesmere 
and whether changes in understanding that occurred reflected the forms in which information was 
presented. The following chapter, Chapter 10, presents the quantitative and qualitative results of this 
follow-up study. 
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Chapter 10 
Comparison of Interactive and Non-Interactive Visualisation: 
Results and Discussion 
This chapter presents the results of the follow-up study introduced in Chapter 9. Each group contained 
20 participants. Participants ranged in age from 18 to 65. Twenty five male and fifteen female 
participants were recruited. Allocation to groups was done randomly. No information on their 
familiarity with computers was collected as part of the study. 
The first section (10.1) presents the statistical analysis of responses of Group A participants – those 
presented with the interactive visualisation tool – ElleVis. The second section (10.2) provides the same 
analysis for Group B participants – those presented with the non-interactive form of ElleVis. The third 
section (10.3) considers whether there are significant differences between the results for the two 
groups. The final substantive section (10.4) presents an analysis of participants’ post-study comments. 
‘Qualitative’ results figure significantly in this section. A summary is also provided in Section 10.5. 
10.1 Group A: Interactive ElleVis  
Table 10.1 presents the raw scores of participants who used the interactive ElleVis tool. The highest 
pre-test score of (34) was recorded by participant P30 and the lowest score of (6) was recorded by 
participant P40 (Table 10.1). The highest post-test score of (44) was also recorded by participant (P30) 
while one participant (P39) scored (31), which was the lowest score. The largest change in 
understanding between the pre-test and post-test (35), was recorded by participant P40, and the 
smallest change (5), by participant P29. Based on the comparison of raw scores, the data in Table 10.1 
suggest that each participant increased their personal understanding about lake values after using the 
interactive ElleVis tool.  
The mean scores increased from 20.95 in the pre-test to 39 in the post-test (see Table 10.2). The 
standard deviation decreased from 7.57 in the pre-test to 3.04 in the post-test. The higher post-test 
scores (Table 10.1) shows that each of the twenty participants increased their understanding of the 
impact of Te Waihora/Lake Ellesmere opening regimes on lake values after using interactive ElleVis.  
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Table 10.1  Raw scores of participants who used interactive ElleVis (Group A) 
Participants13 Pre-test Post-test Change 
P5 23 39 16 
P7 21 40 19 
P9 12 41 29 
P10 29 41 12 
P12 15 35 20 
P15 16 37 21 
P16 30 43 13 
P19 22 40 18 
P21 13 41 28 
P24 14 41 27 
P25 12 37 25 
P27 23 40 17 
P29 31 36 5 
P30 34 44 10 
P31 16 40 24 
P33 25 40 15 
P35 26 37 11 
P36 25 36 11 
P39 26 31 5 
P40 6 41 35 
A paired samples t-test (Bakan, 1966) was undertaken to assess the likelihood that the change in means 
of the pre-test and post-test happened by chance. This was determined using a two-tailed ‘t’ test with 
an alpha of 0.05 and using a null hypothesis that the group means of the pre-test and post-test were 
equal. 
Table 10.2  Paired samples statistics for raw scores 
 Mean 
Pair 1 
Post-Test Scores 39.00 
Pre-Test Scores 20.95 
Table 10.3  Paired samples t-test for raw scores 
 Paired Differences t df Sig. (2-
tailed) Mean Std. 
Deviation 
Std. 
Error 
Mean 
95% Confidence Interval 
of the Difference 
Lower Upper 
Pair 1 
Post-Test Scores 
- Pre-Test Scores 
18.050 8.159 1.825 14.231 21.869 9.893 19 .000 
The results in Table 10.2 and Table 10.3 show that participants’ mean scores were significantly higher 
(M = 39) for their personal understanding of the impact of Te Waihora/Lake Ellesmere opening regimes 
13 The numbering sequence reflects the statistically randomised way in which participants were 
allocated to the two different groups for study purposes. 
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on lake values after using the interactive ElleVis visualisation tool than before (M=20.95), t (19) =9.893, 
p < .001.  These results show that the difference in group means of the pre-test and post-test of all 
participants who used the interactive ElleVis were highly unlikely to happen by chance. The next 
section, 10.2, provides the same analysis for the group exposed to the non-interactive form of ElleVis.
  
10.2 Group B: Non-Interactive ElleVis  
In terms of raw scores, the highest pre-test score of (37) was recorded by participant P23 and the 
lowest score of (8) was recorded by participant P14 (Table 10.4). The highest post-test score of (43) 
was recorded by participant (P11), while one participant (P8) scored (18), which was the lowest score. 
The largest change in understanding between the pre-test and post-test (21), was recorded by 
participant P11, and the smallest change (3), by participant P23. Based on the comparison of raw 
scores, the data in Table 10.4 suggest that each participant increased their personal understanding of 
lake values after using the non-interactive form of ElleVis. The mean scores increased from 20.45 in 
the pre-test to 32.9 in the post-test (see Table 10.5). The standard deviation decreased from 7.79 in 
the pre-test to 7.10 in the post-test.  
Table 10.4  Raw scores of participants with non-interactive ElleVis (Group B)  
Participants Pre-test Post-test Change 
P1 15 33 18 
P2 10 30 20 
P3 28 33 5 
P4 24 35 11 
P6 26 34 8 
P8 10 18 8 
P11 22 43 21 
P13 25 39 14 
P14 8 20 12 
P17 24 36 12 
P18 21 37 16 
P20 20 36 16 
P22 28 40 12 
P23 37 40 3 
P26 19 36 17 
P28 10 23 13 
P32 18 28 10 
P34 28 40 12 
P37 11 23 12 
P38 25 34 9 
 
 124 
Again, a paired samples t-test (Bakan, 1966) was undertaken to test the statistical significance of the 
participants’ acquisition of understanding (see Table 10.5 and Table 10.6). The possibility that increase 
in the group means of the pre-test and post-test were likely to have happened by chance was 
determined using a two-tailed ‘t’ test with an alpha of 0.05 and using a null hypothesis that the group 
means of the pre-test and post-test were equal.   
Table 10.5  Paired samples statistics for raw scores 
 Mean 
Pair 1 
Post-Test 32.900 
Pre-Test 20.450 
 
Table 10.6  Paired samples t-test for raw scores 
 Paired Differences t df Sig. (2-tailed) 
Mean Std. 
Deviation 
Std. 
Error 
Mean 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Pair 1 
Post-Test – 
Pre-Test 
12.450 4.673 1.044
98 
10.262 14.637 11.914 19 .000 
 
The results in Table 10.5 and Table 10.6 show that participants’ mean scores were significantly higher 
(M = 32.9) for their personal understanding of the impact of Te Waihora/Lake Ellesmere opening 
regimes on lake values after using the non-interactive ElleVis than before (M=20.45), t (19) =11.914, p 
< .001.  These results show that the group means of the pre-test and post-test of all participants who 
used the non-interactive ElleVis were highly unlikely to happen by chance. 
10.3 A comparison of results: Interactive versus non-interactive forms of 
learning 
This section compares the results of the interactive and non-interactive forms of the ElleVis tool in 
order to determine whether – in keeping with the discussion in Chapter 9, Section 9.2– there are 
significant differences in knowledge outcomes depending on the form in which information about 
environmental changes is presented.  
Both Groups A and B exhibited similar performance on the pre-test. Group A (M=20.95) and Group B 
(M=20.45). This shows that there were no significant differences between the groups sampled for 
the research. 
 125 
The largest change in understanding in Group A  ̶  the group which used the interactive ElleVis  ̶  was 
29, and the smallest change, 5. The largest change in understanding in Group B   ̶ the group that used 
the non-interactive ElleVis   ̶ was 21 while the smallest change was 3.  
An independent samples t-test (Bakan, 1966) (Table 10.8) was undertaken to compare the means for 
the two groups  ̶  interactive and non-interactive  ̶  (Table 10.7). In order to determine whether there 
is statistical evidence that the associated group means are significantly different, and highly unlikely 
to happen by chance. A two-tailed ‘t’ test with an alpha of 0.05 was employed. The null hypothesis was 
that changes in group means of participants in the two groups were equal.  
Table 10.7  Group statistics 
 Treatment N Mean Std. Deviation Std. Error Mean 
Change 
Interactive-ElleVis 
20 18.050 8.159 1.824 
Non-interactive ElleVis 
20 12.450 4.673 1.045 
 
Table 10.8  Independent samples test 
 
 
The results in Table 10.7 and Table 10.8 show that the difference in scores were significantly higher for 
participants in Group A, who used interactive ElleVis (M =18.05), than for those in Group B (M = 12.45), 
t (40) =2.663, p < .05). The Levene’s test was used to statistically test the differences between variances 
of the two groups, which is a precondition for parametric tests such as the t-test. The Levene’s test 
indicated unequal variances (F = 6.061, p = 0.018), thus the assumption of equal variances were 
violated (not met). In that case, the degrees of freedom were adjusted from 38 to 30. The results show 
that the difference between the two groups   ̶   interactive and non-interactive  ̶   were highly unlikely 
to happen by chance. Group A, which used an interactive visualisation tool to learn about features of 
 Levene's Test 
for Equality of 
Variances 
t-test for Equality of Means 
F Sig. t df Sig.(2-
tailed) 
Mean  
Difference 
Std. Error 
Difference 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Change 
Equal variances 
assumed 
6.061 .018 2.663 38 .011 5.60 2.102 1.343 9.856 
Equal variances 
not assumed 
  2.663 30.254 .012 5.60 2.102 1.307 9.892 
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the lake, its behaviour and that of the plants and animals in and around it, demonstrated a significantly 
greater knowledge gain than Group B.  
The following section, Section 10.4, presents an analysis of the ‘qualitative’ post-study data – data that 
may shed some light on ways interactivity assists participants’ learning. 
10.4 Post-study results 
Based on previous research by Card et al. (1999) and Yi et al. (2007) (see Chapter 2, Section 2.4) it 
might be the case that through the use of interactivity, Group A participants had more control over 
information, which increased their ability to manipulate and use information in performing the various 
tasks, thus increasing their understanding more than those participants who used the non-interactive 
ElleVis.   
Section 10.4.2 provides material from the interviews which help explain why both groups – interactive 
and non-interactive – improved their learning, while Section 10.4.3 discusses how learning was 
potentially enhanced for Group A, the interactive ElleVis participants. Section 10.4.4 discusses some 
similarities between the two groups not already covered in Section 10.4.2.  First, though, it is 
important to present the data on which the discussion in these sections is largely based (Section 
10.4.1). 
10.4.1 Analysis of the qualitative data 
The following table, Table 10.9, shows how results are distributed between groups, and the numbers 
involved in relation to the responses to most of the qualitative questions.  
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Table 10.9 Results of analysing the qualitative data 
Code Theme Number of 
Group A  
participants  
Frequency14 Number of 
Group B 
participants 
 
Frequency 
1. The accuracy of 
visualisations in showing 
lake behaviour 
    
1.1 Mixed responses from 
participants regarding 
perception of accuracy of 
ElleVis 
2 4 4 4 
1.2 Negative responses from 
participants regarding 
perception of accuracy of 
ElleVis 
- - 2 2 
1.3 Positive responses from 
participants regarding 
perception of accuracy of 
ElleVis 
18 22 14 14 
2. Most effective component 
of the visualisation 
    
2.1 Summary table 15 31 15 29 
2.2 Line graph -  -  
2.3 Spatial map 5 12 2 7 
2.4 All of them -  3 3 
2.5 None of them -  -  
3. Usefulness of the 
visualisation 
    
3.1 Positive response 
suggesting useful nature of 
tool 
20 30 20 28 
3.2 Negative response 
suggesting tool needs 
improvement/lacks 
clarity/needs amendment 
- - - - 
3.3 Mixed response regarding 
usefulness of tool 
- - - - 
4. Usability of the 
visualisation tool  
    
4.1 User friendly/easy to use 17 30 - - 
4.2 Rigid/not user friendly - - - - 
4.3 Suggesting improvements 
to make tool user friendly 
3 3 - - 
4.4 Don’t know/no idea - - -  
5. Other forms of information 
provision that would also 
increase understanding of 
Lake 
    
5.1 Significant ‘other’ ways in 
which information could be 
provided15 
6 6 6 6 
5.2 Satisfied with current 
provision of ElleVis 
14 14 13 13 
5.3 No idea/don’t know - - 1 1 
14 ‘Frequency’ denotes the number of times a ‘word’, ‘term’ or ‘phrase’ appears in the interview 
transcript. 
15 The six participants from Group A suggested the inclusion of other relevant data into the computer 
program or adjustments to some of the components of the computer program to increase 
their knowledge of the lake. The six participants from Group B indicated that an interactive 
form of ElleVis would have increased their knowledge of the lake. 
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6. Increase in understanding 
of lake management issues 
after exposure to 
visualisation 
    
6.1 Positive response 20 26 20 27 
6.2 Negative response - - - - 
6.3 Mixed response - - - - 
6.4 No idea/don’t know - - - - 
7. Overall general comments 
regarding visualisations 
    
7.1 Positive response 20 20 20 20 
7.2 Mixed response  - - - - 
7.3 Negative response - - - - 
8. Interactivity     
8.1 Describing interactivity16 12 21 4 6 
8.2 Commenting on 
interactivity17 
5 7 2 3 
9. Prior knowledge of lake     
9.1 Work/stay around the lake 14 - 11 - 
9.2 Affected by the lake in 
many ways 
3 - 6 - 
9.3 Other interests in the lake 3 - 3 - 
 
All participants were unanimous in their response that the visualisations were useful in learning (see 
theme under code 6 in Table 10.9) about features of the lake and that of the plants and animals in and 
around it. Majority of the participants (30) which represents an even split between Groups A and B 
indicated that the “summary table” is the most effective component of the visualisation (see theme 
under code 2 in Table 10.9).  Five Group A (compared with two Group B) participants found the spatial 
image to be the most effective component of the visualisation (see theme under code 2 in Table 10.9). 
In depth discussion of these results can be found in sections 10.4.2 - 10.4.4.2. 
 
10.4.2 Usefulness of the visualisation 
 
All participants were unanimous in their response that the visualisations were useful in learning about 
features of Te Waihora/Lake Ellesmere and that of plants and animals in and around it. The following 
quotes, one from each group, are representative. (All participants in each group answered in similar 
fashion). 
A participant from Group A remarked: 
16‘Describing interactivity’ involved the words ‘interactive’, ‘animation’, ‘correlation’, and ‘interaction’,‘ 
link and/or dynamic’. 
17‘Commenting on interactivity’ involved the words ‘automatically’ and ‘relate’. (For example, a 
participant in Group A remarked: “I can relate from the presentation that the lake graph 
automatically links the summary table that gives me an idea of the lake level conditions the 
fishes and birds find themselves in …”)  
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 “This is an extremely valuable tool and if this is available on the web it will help people like me 
and others involved to see how decisions are made and also have an overall view of the lake. 
So I can see the whole world rather that what happens to me….. The presentations has made 
me more aware of what is down there, in fact a lot more aware and this has immensely 
increased my previous knowledge about the lake” 
A participant from Group B remarked: 
“I think that the presentation is very very good. Not just good but very very good, and I think it 
helps a lot with the understanding of some of the different regimes of lake openings and so 
forth. The presentations most certainly has increased my understanding. It’s awesome and my 
initial understanding about certain items in the lake were very vague, but with this tool, some 
areas like how some fishes and birds thrive are now much clearer to me.” 
It appears that the chosen designs of the visualisation tool fulfilled the functions required by assisting 
in knowledge acquisition by raising awareness on how Te Waihora/Lake Ellesmere behaves.  Words 
such as “information”; “accurate”; “effective”; ”enhanced”; ”better”; “helped”; “understanding”; 
“well”; ”good”; “certainly”, were dominant in participants’ responses from both groups (refer to Figure 
10.1 and Figure 10.2). This suggests both forms of information provision  ̶  via interactive visualisation 
or a paper-based, non-interactive visualisation  ̶  significantly enhanced participants’ knowledge about 
issues related to lake management at Te Waihora. These results are consistent with the findings of 
other research (Appleton & Lovett, 2003; Bateman et al., 2009; Bishop & Stock, 2010; Lewis & 
Sheppard, 2006; Pettit et al., 2008) which found that the use of visualisation as an intervention method 
increased participants’ knowledge of a natural resource issue. 
10.4.3 Interactive ElleVis 
This section discusses four main themes that emerged in the interviews with Group A participants – 
the group which, on the basis of the quantitative data presented in Sections 10.1– 10.3, demonstrated 
enhanced learning. (Comments by Group B participants which relate to the desirability of ‘interactivity’ 
are included where appropriate.)   
10.4.3.1 Interactive nature of the spatial image improves understanding 
 
In response to the question, “Which of the components of the visualisation tool did you find most 
effective in increasing your understanding about lake management issues at Te Waihora?”, five Group 
A (compared with two Group B) participants, found the spatial map to be the most effective 
component of the visualisation. Participants using the interactive ElleVis were able to explore the 
features of the spatial map to see how different opening regimes impacted upon land inundation on 
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the surrounding farmland, which was not possible for Group B participants because of the static nature 
of the visualisations. Accompanying comments from Group A participants include: 
  “The spatial map is the most effective component because of its interactive nature. With the 
spatial map you can see the street, the lands that will be covered by water….This increased my 
knowledge about how the lake interacts with the land and its environs. Surely, this will benefit 
those of us here to know when it will be like that. If you have been here for a long time you will 
know what’s going on….” 
Another participant from Group A remarked: 
“I like the spatial map because it is very dynamic. I particularly like the interaction between   
the water levels and the surrounding lands. This has increased my understanding in several 
ways on how rise in water levels of the lake could impact the land” 
For the two Group B participants who found the spatial map helpful, one remarked: 
“I like the idea of the spatial map and the way it works for the presentation. If only I could see 
how it works in reality would have helped me immensely to know when these surrounding lands 
will be flooded" 
The other Group B participant noted: 
“I think the concept of the spatial map is rather helpful ….This has helped me appreciate this 
tool as it has enhanced my understanding in several ways. Only if I could have a play at it on a 
computer screen and not just outputs like these will help me explore some scenarios more to 
be better informed on when high water levels kind of flood the beaches” 
The above quotes from these Group A and B participants suggests that the spatial map was more 
effective when in an ‘interactive form’ rather than screen shots form. The interactivity of ElleVis 
provided Group A participants with an improved level of insight as they were able to make use of 
information that would otherwise be impossible to recognise. For example, subtle changes in opening 
regimes can have a severe impact on the surrounding farmlands, but this is hardly noticeable when 
using non-interactive visualisations. The interactivity of ElleVis makes information more easily 
evaluated and compared than non-interactive visualisation. The results of this research match those 
of earlier studies (Bateman et al., 2009; Lowe & Schnotz, 2008; Tversky, Morrison, & Betrancourt, 
2002) which suggest that interactivity can enhance comprehension and learning by stimulating 
cognitive processing (Card et al., 1999). 
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10.4.3.2 Interactive visualisation techniques provide added communication value 
 
All Group A participants who used the interactive visualisation became increasingly engaged18 when 
using the tool, and found the possibilities the tool offers to be helpful. The format of the visualisation 
increased their knowledge in several ways to an extent that they conveyed the excitement that the 
tool offers by thinking how the tool might be used in future. For example, one participant from Group 
A remarked: 
“I like the layout of the visualisation. In fact I am very happy with the way they are arranged 
on the screen. It gives me a good visual of what is happening down there, and this has enhanced 
my understanding in many ways” 
Another Group A participant noted: 
“This is a great visual. The components of the visualisation are just great. At least it gives you 
a sense of factors at play with each other” 
Responses from the participants suggest that the interactivity of ElleVis could be used in other 
environmental management contexts, more preferably it can be incorporated into decision-making. 
For example, one Group A participant noted that: 
“[I’m]a secondary school teacher and teach social studies and history and I think this tool will 
be brilliant in teaching my students about sustainability and about reading water levels and 
coordinating them with different aspects of the lake. It’s more than just birds, but I could see 
this tool to help students understand that different levels of sustainability with different aspects 
of the lake”. 
The interactivity of ElleVis was also perceived to be very valuable as a tool in clarifying contentious 
issues, and thus, could be applied to other decision-making or public participatory processes in 
environmental management situations where conflicts arise. In fact, one Group A participant noted 
that: 
“I think the visualisations are really good and has improved my overall understanding of the 
lake…I see the possibility of using this format for different situations. This works for a lot of 
environment situations, but also in other situations where you use collaborative decisions for 
18 Measurement of engagement involved the excitement participants conveyed in using the tool by   
readily providing other situations on how ElleVis might be used in future. This data was recorded 
using handwritten notes. 
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decision making. So I see this as a possibility of using this programmable interface in other 
situations as well”. 
Interactivity seem to simulate discussions with participants, and it also seems easier for the 
participants to express other situations the tool may be used for. However, participants who used the 
non-interactive ElleVis were less engaged in providing alternatives to the use of the visualisation. This 
corroborates other works from authors such as Orland et al. (2001) that interactivity increases 
participants’ engagement.  
10.4.3.3 Ease of use  
In response to the question, “Do you have any general comments about the way information regarding 
lake behaviour has been presented to you?” About 85% (17 of 20) of Group A participants indicated 
that the tool was user friendly and easy to use. Comments include: 
“It’s nice and easy to use. I can take it home and do it”;  
“It’s user friendly and was very easy to understand what the different colours mean and how it 
relates to different aspects of the lake”; 
However, some participants (n=3) gave some mixed responses about the usability of interactive ElleVis. 
One of these commented: 
 “I found it quite good. The only thing I found it difficult was using the screen to compare 
between two scenarios. So there should be the need to split between two screens. So in some 
questions if you had hard copies would have been better”. 
This comment suggests that there are some tasks that are better with non-interactive visualisations as 
suggested by this participant. (This issue about split screens can be addressed in further refinements 
of the visualisation tool.)  
A second, mixed-response participant in Group A participant said:  
 “Maybe more details zooming on areas of the map of the lake to see flooded details of the 
lake. I guess this will help people to see what and where it will be flooded. This gives a general 
idea of flooded areas”. 
This participant suggested more details be available on demand to be able to view how different lake 
levels inundates surrounding lands at the micro level. Despite the difficulties these three participants 
encountered, almost all the participants said they had been well informed by the nature of the 
interactive visualisations.  
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Six participants from Group B (see Table 10.9, Section 5) placed emphasis on ‘interactivity’ when asked 
“Do you think there is any other way through which information about the lake could be presented to 
you that would assist you personally to increase your knowledge of the lake?” 
One Group B participant said: 
 “If I could actually have seen the computer program, trial it to see how it comes up would have 
been helpful more so its interactivity would have been helpful or even better than non-
interactive images. So play with different scenarios and actually ask a question, play it with the 
program would have been helpful as well”.  
Another remarked: 
“I was thinking if it can be presented interactively on a computer screen. So with time you can 
see some form of dynamic representation of change in lake levels and how different species 
interact over time and so on”. 
The comments of these particular Group B participants suggest they were aware of missing out on a 
valuable tool for modelling the complexity of relationships between Te Waihora/Lake Ellesmere lake 
levels and bird, fish and farming behaviour. 
10.4.3.4 Discussion highlighting the interactivity of ElleVis 
An aspect of the visualisation interface that was raised by a number of Group A participants was the 
interactive nature of the tool. Figure 10.1 and Figure 10.2 show tag clouds of words for Groups A and 
B. The tag clouds give greater prominence to words that appear frequently in the data, and the 
importance of each tag is shown by the font size. Data was sourced from the transcripts of the 
participants, and the tag cloud was generated from NVivo data. The two tag clouds show a great deal 
in common (refer to Section 10.4.2 and 10.4.4 for similarities) and only small differences (e.g. words 
such as ‘interactive’ and ‘dynamic’ were prevalent among Group A participants and are thus shown in 
Figure 10.1and not in Figure 10.2.) This was of particular importance because the main concern of this 
follow-up study was to determine whether the interactivity of the ElleVis tool proved more effective 
for knowledge acquisition than a non-interactive format. 
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 10.4.3.5 Participants from the non-interactive ElleVis group found all components of 
the visualisation effective 
Results to the question, “Which of the components of the visualisation tool did you find most effective 
in increasing your understanding about lake management issues at Te Waihora?”, three out of 20 
participants from Group B found all the components of the visualisation interface effective. When 
pressed by the interviewer to at least choose one, they could not do so.  
Summary: Sections 10.4.2-10.4.3 
The results and discussion in Sections 10.4.3 strongly suggest that the use of interactivity may have 
afforded Group A participants more control over information, and increased their ability to manipulate 
and use information in performing tasks, thus increasing their understanding more than Group B 
participants who used the non-interactive ElleVis.  
The data presented in Section 10.4.2, however, made it clear that both groups - A and B - displayed 
increased learning, which means that ‘interactivity’ alone could not account for all such increases. The 
next section therefore elaborates on the coverage in that section, discussing similarities in learning 
experienced by both groups.  
10.4.4 Similarities between Groups A and B 
The following subsections raises issues that were of particular aids to learning valued by both groups 
of participants which led to improvements in understanding. This is to ensure that future 
 
Figure 10.1 Tag cloud for interactive ElleVis 
group 
 
Figure 10.2 Tag cloud for non-interactive 
ElleVis group 
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developments of ElleVis ‘preserve’ components that are valued by participants in enhancing their 
understanding.  
10.4.4.1 The use of ‘traffic lights’ in the summary table 
When asked, “Which of the components of the visualisation tool did you find most effective in 
increasing your understanding about lake management issues at Te Waihora?”, thirty (70%) responded 
that the “summary table” is the most effective component of the visualisation tool and this 
represented an even split between Group A and B participants.  For example, one participant from 
Group A noted that, 
“The Summary table and the ‘traffic light scheme’ is superb. It made me see things from 
different stakeholder perspectives. I cannot agree more. The table most certainly enhances my 
understanding because it gives a more in-depth visual of how the water level affects the 
interested parties.” 
Another participant from Group B noted: 
“The summary table was very interesting. I liked the colour coding and the way it impacts the 
flora and fauna of the lake, which has improved my understanding … it clearly outlines the 
various species and the impact of the water level”. 
One of the key advantages of the visualisation highlighted by the responses from both Groups A and B 
was the use of colours to display the impact of lake level conditions for animals and plants in and 
around the lake. Both the interactivity and the screen shots made use of colour. In particular, the 
participants felt that the way the visualisation interface was presented may offer a means of dialogue, 
or “common currency” as Orland et al., (2001) have described it, between the conflicting parties of Te 
Waihora/Lake Ellesmere by helping them to understand the impact associated with different opening 
regimes on lake values: 
“The tool is certainly very useful to know what happens to all interested parties in the affairs 
of the lake. The Ngai Tahu and other stakeholders will learn to see things differently and will 
at least see how opening the lake affects others”.  
Another participant from Group B said: 
“I think it was very insightful, useful and it will enable people to have an informed opinion of 
how different stakeholder groups are trying to get an understanding on a particular issue. I 
think when presented in a manner like that will allow various stakeholder groups that would 
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like to be heard to air their views and this will allow them to see other points of view since it 
can narrow their focus on their preference”.  
10.4.4.2 Improvements to previous ways of presenting information about Te   
Waihora/Lake Ellesmere 
Comments from both groups of participants indicated that the visualisations were an improvement of 
the traditional formats such as leaflets and direct mail-outs that participants were accustomed to 
receiving/seeing when gaining information about Te Waihora/Lake Ellesmere. For example, a 
participant from Group B noted: “These presentations are an improvement on the leaflets they use to 
drop in our mailboxes explaining the management options of Te Waihora. These presentations has 
enhanced my understanding on how the lake operates”. 
For some Group B participants, even the screen shots were a ‘new’ way of presenting information 
about the Lake and thus had a ‘Wow’ factor (refer to Chapter 2, Section 2.6.1.2 for literature regarding 
the ‘Wow-effect’ of visualisation).  These results confirm other studies that have investigated the 
potential role and value of visualisation techniques in environmental decision-making by (Appleton & 
Lovett, 2003; Bateman et al., 2009; Brown et al., 2006; Dockerty et al., 2006).  
10.5 Summary 
This chapter presents and discusses the implications of the results in light of the methods used to 
address the question of whether interactive visualisation provides greater knowledge gains than a non-
interactive form of information provision? The context of this question was the impact of different 
opening regimes of Te Waihora/Lake Ellesmere. 
The raw data from Groups A and B – interactive and non-interactive – show that an increase in 
understanding was evident after the participants were exposed to the visualisations. Paired t-tests 
performed on the pre-test and post-test results further confirm that a significant increase in personal 
understanding had occurred in both groups. An independent t-test was performed on the comparative 
changes in understanding that occurred. The results show that Group A – which used an interactive 
visualisation tool (ElleVis) to learn about the features of Te Waihora/Lake Ellesmere, its behaviour and 
that of plants and animals in and around it – demonstrated a greater knowledge gain than Group  B, 
which learned on the basis of non-interactive screen shots.  
In a post-study discussion, participants provided valuable feedback on the effectiveness of the 
different forms of information provision in increasing their understanding of the impact of opening 
regimes on lake values and visualising lake behaviour. A number of key themes were also identified 
and presented.  
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Results demonstrated that through interactivity, Group A participants appear to have more control 
over information, and this increased their ability to manipulate and use information in performing 
various tasks. Taking control led to increased understanding. Interactivity allowed participants to 
explore, using the spatial image to comprehend the possible consequences of the impact of different 
opening regimes on surrounding lands. This was not possible to the same extent for those using the 
non-interactive visualisation. Participants who used the interactive visualisation became increasingly 
engaged and excited and they proposed other situations for using the tool. The results strongly suggest 
that the improvement in personal and shared understanding presented in the initial study was indeed 
related to the interactive nature of ElleVis. 
In the following, concluding, chapter, Chapter 11, the main findings are reviewed, the limitations of 
the study are discussed and suggestions for future research – which build on the discussion in the 
present chapter – are presented.  
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Chapter 11 
Conclusion  
This research consists of two studies. The results of the initial study (Chapters 7 and 8) showed that 
there were significant differences in levels of knowledge in the pre-test and post-test, and this may be 
due to the interactive visualisation tool (ElleVis). However, because the number of available 
stakeholders was small, it was not possible to specify a control group and without such a group, it was 
not possible to confirm that increases in knowledge were solely the result of using an interactive tool. 
A follow-up study (Chapters 9 and 10) was pursued to resolve this matter. The results of the follow-up 
study showed that participants demonstrate a greater knowledge gain through the use of interactive 
visualisation than through the provision of non-interactive information. 
This chapter discusses: first, the contributions which interactive visualisations can make to assessing 
understanding in natural resource management (Section 11.1); second, the implications of this 
research for future applications of interactive visualisation (Section 11.2); third, possible study 
limitations (Section 11.3); fourth, future research needs in visualisation studies (Section 11.4). A final 
conclusion is also provided (Section 11.5).  
11.1 Major contributions of this research 
The initial study showed that interactive visualisation increased the personal and shared 
understanding of all participants. A follow-up study was pursued due to some unresolved questions in 
the initial study. The follow-up study made some critical contributions to this research. It established 
that: 
a) the use of both interactive and non-interactive visualisation improved knowledge. 
b) Interactive visualisation was the more successful form of visualisation than the non-interactive 
visualisation in improving knowledge.  
The strength of this research lies in evaluating whether the use of interactive visualisation tools helps 
build a shared understanding of stakeholders with diverse interests in the context of natural resource 
management using a real-world case study. This is relevant to the information visualisation research 
community because it confirms, with solid evidence (given by the methodology, use of real 
participants, relevant statistical tests), that interactive visualisation contributes to shared 
understanding in environmental management. The findings of the study have implications for other 
situations that involve contested environmental resources or a multiplicity of interests.  
 139 
Another major contribution of this study is that its qualitative dimension (Chapter 10, Section 10.4) 
showed how improvement in participants’ understanding might have occurred through interactivity. 
The strength of the ElleVis is that, in being interactive, it appears to offer a learning environment for 
participants because they had control over the settings/processes and were able to manipulate and 
explore the visualisation – an ability which, according to the research results, strongly influenced their 
understanding of the impacts of different opening regimes on lake values at Te Waihora.  
11.2 Implications of the study  
The findings of this study have implications for Te Waihora/Lake Ellesmere and other natural 
environmental situations where stakeholders have different interests in managing the resource. 
11.2.1 Te Waihora/Lake Ellesmere 
The results of the research show that the use of ElleVis was readily accepted by most stakeholders of 
Te Waihora/Lake Ellesmere participating in this study, that ElleVis was easily comprehended, and 
found to be meaningful and useful. When the participants used ElleVis, issues regarding lake levels 
became clearer and they began to appreciate the dynamics behind the opening regimes. The results 
discussed in Chapter 7 show that stakeholders’ understanding of areas outside their areas of interest 
increased significantly as they encountered ElleVis. This suggests that through the use of ElleVis, 
stakeholders now have a basic knowledge of lake values of interest to others and thereby attained a 
level of shared understanding. The use of ElleVis could facilitate future discussions, open dialogue, or 
create a “common currency” as Orland et al. (2001) describes it, between conflicting Te Waihora 
stakeholders concerning lake opening regimes and the impact these have on the lake. 
The results of the follow-up study are consistent with previous research which suggests that interactive 
visualisations enhances understanding by playing a pivotal role in people’s access to meaningful 
information (Card et al., 1999) and reducing cognitive load (Lurie and Mason, 2007). The results are 
therefore also consistent with constructivist approaches to learning reviewed in Chapter 2, Section 
2.9.2.3, in that participants in the initial study and in Group A of the follow-up study controlled 
important elements of the scenario and were able to manipulate them directly, thereby constructing 
different opening regime scenarios.  Constructivism has important implications for learning. If learners 
are to succeed in applying their current understanding to new situations in order to build new 
knowledge, then this requires them to play an active part in the learning process.  
11.2.2 Environmental decision-making 
While this research cannot claim that the methods and results will necessarily be replicated in other 
environmental situations, the fact that ElleVis was reported as easy to use and the features of the 
 140 
visualisation easy to interpret, suggests that applications to other environmental situations are 
warranted. For example, the use of the “traffic light” summary table and the interactive map (see 
Chapter 5, Section 5.2) can be used in contested situations where there is a need for quick access to 
information and to summarise risks.  
The use of visualisations linked to simulation can provide multiple stakeholders with the ability to 
understand other people’s point of view by creating and exploring scenarios that they could not 
directly work with in real life.  
The fact that ElleVis enhanced participants’ understanding (personal) and helped them to appreciate 
key issues from varying perspectives (shared) suggests that those designing decision support systems 
and conducting visualisation research are well-advised to employ a suite of visualisation formats (refer 
to Chapter 5, Section 5.2) .  
Another significant finding to emerge from this study is that by employing the visualisation format 
(graphical, spatial and tabular), ElleVis may help participants to appreciate key issues from varying 
perspectives, i.e., increasing their shared understanding. This, in turn may inform and possibly 
ameliorate, conflicts over issues of common interest (Assaf et al., 2008; Orland et al., 2001). However, 
and as stated repeatedly, this research does not attempt to examine conflict resolution directly.  
Lastly, the results of the study show that incorporating stakeholder knowledge into the design of a 
visualisation tool (refer to Chapter 5, Section 5.1) improves the shared understanding of participants. 
This approach can be applied to other contested situations where shared understanding is desirable. 
11.3 Possible study limitations 
There are a number of possible limitations, some of which became apparent only as the research 
progressed. While not ‘ruinous’ to the research enterprise, it is important to be aware of them – 
especially if further, similar work in environmental management settings is to be undertaken.  
First, the self-assessed measures of participants’ involvement in lake management processes used in 
this study are open to question (refer to Chapter 7, Section 7.1.4). What a “modest” person may record 
as “occasionally involved”, an “ego-driven” person may record as “very actively involved”. Thus, the 
self-perceived “scores” need, ideally, to be complemented by more objective measures of 
involvement. 
Second, the standards of assessments of shared understanding used in this study are very stringent, 
Participants needed to achieve at least partially correct answers to all pre-test and all post-test 
questions, including questions covering interests outside their expertise following use of the 
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visualisation tool. If a slightly less stringent measure were used, for example, if a 50 per cent overall 
score in either pre-test or post-test was taken as indicating shared understanding, the results in all 
knowledge areas of the study would have been statistically significant. 
Third, there is very little coverage in previous reporting of visualisation studies of anomalous findings 
– findings where some respondents do not provide predicted responses (refer to Chapter 8, Section 
8.4.2 and 8.5). Unfortunately, very little evaluation has been done in visualisation studies to explaining 
any such differences. As such the methodological complications (refer to Chapter 8, Section 8.4.2) 
encountered in interpreting the results of the study could not have been anticipated, but their lack of 
attention to such detail also provides an opportunity to deepen our understanding of visualisation in 
environmental management contexts. With hindsight, experiments such as these should be done in a 
controlled laboratory settings, free from any intrusions. Participants should also be audio and video 
recorded to monitor any change in their behaviour during the experiment. 
Fourth, the post-usability questionnaire (refer to Appendix D.5) only include qualitative questions. 
Additional questions using Likert scales may have provided a more objective measure on the 
effectiveness of ElleVis. This may have resolved some of the comments raised by participants (refer to 
Chapter 7, Section 7.4 and Chapter 8, Section 8.1) regarding the usability and accuracy of ElleVis.  
Finally, the ‘qualitative’ responses between Groups A and B in the follow-up study (Chapter 10, Section 
10.4) did not show such clear-cut differences as we would have expected on the basis of the 
‘quantitative’ results (Chapter 10, Section 10.3.) This may have been because for Group B, even screen 
shots were a ‘new’ way of receiving information about lake behaviour compared with the more usual 
leaflet drops, press releases, etc. Even screen shots may therefore have provided this group with the 
‘excitement of the new’ (refer to Chapter 2, Section 2.6.1.2 for literature regarding the ‘Wow-effect’ 
of visualisation). With hindsight, if we had limited Group B membership to those with previous 
experience of ‘screen shots,’ then differences in the reactions reported by Group A and B participants 
to the forms in which information was provided may have been more distinct.  
11.4 Future Work 
There are several directions for research that build upon the work presented in this thesis: modifying 
and extending ElleVis for future research on shared understanding; and investigating the durability of 
shared understanding in real world settings. The following subsections set out research opportunities 
that might shape such further work. 
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11.4.1 Research opportunities 
Future research might expand the use of ElleVis to include other data not contained in Plover. This 
would need to be built into the model, e.g., predominant vegetation types along the lake and economic 
cost based on hectares of submerged farmlands due to flooding.  
Further refinements could be made to enhance some of the features of ElleVis so that it provides users 
with a better understanding of the uncertainties and risks associated with decision-making. For 
example, refinements of ElleVis can be made to support direct, simultaneous comparison of attributes 
in the different lake opening regimes, i.e., the various outputs of the seasonal variations can be 
represented on a single screen for easy comparison (refer to Chapter 7, Section 7.4). Also, refinements 
of ElleVis can be made to the spatial map to provide more details on demand to see how different lake 
levels inundates surrounding lands at the micro level (refer to Chapter 10, Section 10.4.3.1). 
Future work could also look at applying the visualisation format of ElleVis to other environmental 
situations such as other bodies of water, the siting of irrigation-systems, the creation of new dams and 
the removal of existing dams. This would provide evidence of the robustness of the approach taken in 
ElleVis when taken beyond the specific Te Waihora /Lake Ellesmere context. 
Given that the findings of the research reveal that interactive visualisation can increase stakeholders’ 
personal and shared understanding, an extension to this study would be to assess whether gains in 
personal and shared understanding are (near) permanent. Future research might thus take a 
longitudinal approach in order to assess the durability and longevity of these gains in understanding 
made as a result of using a visualisation like ElleVis. 
The results of the study show that participants’ personal and shared understanding increases after 
exposure to the visualisation. Perhaps most important, subsequent studies, to document behavioural 
and not solely attitudinal changes, could examine the relationship between changes in shared 
understanding and changes in real world behaviour. Future studies could usefully include different 
measures and factors related to participants’ understanding, incorporating measures such as beliefs 
and attitudes. 
It proved very difficult in practice to capture participants’ interest if they cannot see that other 
stakeholders’ concerns have relevance to their own concerns (refer to Chapter 7, Section 7.4). This was 
evident in the initial study when participants with governmental interests believed that some of their 
interest areas were not adequately captured. Rather, the visualisation helped them to improve their 
understanding in other areas considered of less importance by them. An important implication of this 
finding is that future studies could usefully investigate why it is that stakeholder interests are 
sometimes, but not always, regarded as significant by other stakeholders. 
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A key finding from this study is that there are “extremes” where visualisation has little success: in the 
case of those who showed “no interests” in some lake values, and those who are “experts” and who 
therefore cannot be “topped up” with any additional knowledge (refer to Chapter 8, Section 8.4.2). 
Future studies can usefully include other measures and factors related to human behaviour under 
various conditions to allow more information to be gathered to shed light on the circumstances in 
which minor changes in understanding occur among participants. 
Given that no measures of motivation were conducted during the studies, future research could 
incorporate such measurements to see if these contribute to variations in participants’ performance. 
Issues of motivation are important because they have been found to increase levels of understanding 
and productivity amongst participants (Davis, Bagozzi, & Warshaw, 1992; Middleton & Midgley, 2002). 
Ideally, this could be explored by using the Solomon-four design (Fisher & Foreit, 2002) ─ one of the 
benchmarks of educational research ─ with stakeholders and the general public as participants. Such 
a step would go some way to addressing whether incorporating measurements of motivation or being 
a stakeholder contribute to variations in participants’ performances in these types of studies.  
11.5 Conclusion 
This research strongly suggests that interactive visualisation has an important role to play in decision-
making involving environmental management issues, increasing the personal and shared 
understanding of stakeholders with diverse interests/opinions. Following the development of a follow-
up study to the initial study, it suggests equally strongly that it is the ‘interactive’ aspect of the 
visualisation used in this research which is the key to advantageous learning about changes in 
environmental behaviour.  
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 Appendix A 
A.1 Simulating Lake Ellesmere opening regimes : The Plover Model 
The ElleVis visualisation tool is based on a simulation model of opening regimes of Te Waihora/Lake 
Ellesmere and consists of 38 years of real hydrological data on the water inflows and outflows of Te 
Waihora/Lake Ellesmere, lake margins, lake area and lake volumes. Fortunately, much of the work in 
collating this material has already been completed by John Raffensperger, University of Canterbury, 
New Zealand in his computer simulation model called Plover. The reason for using the Plover model is 
that it enables the user to choose lake opening regimes and examine the impact of these on ecological 
and economic factors that affect Te Waihora/Lake Ellesmere. The role of ElleVis for this study is to 
make use of data generated from the Plover model. Thus, Plover forms an integral ‘chassis’ for the 
visualisation tool ─ ElleVis ─ used in this research and needs to be discussed as a context for considering 
the visualisation tool itself. 
The Plover model incorporates historical data on lake openings from the Water Balance Model (Horrell, 
2011) for Te Waihora/Lake Ellesmere, developed by Graeme Horrell, a hydrologist from the National 
Institute of Water and Atmospherics (NIWA). For the purposes of this study, data on the opening 
regimes was sourced directly from Plover. Rainfall data was sourced from NIWA, and hectares of land 
type, lake margins, lake area, and volumes from the Environment Canterbury (ECAN) (Hill, 2009). Data 
on fishery was sourced from (Jellyman & Smith, 2009), birdlife from (Taylor & Hughey, 2009) and 
farming from (Hearnshaw & Hughey, 2009). 
The following section describes how the Plover model works.  
Lake opening scenarios 
The Plover model simulates the opening and closing of Te Waihora/Lake Ellesmere making use of real 
data collected from the 5th January, 1970 to 31st December, 2007. 
The Plover model uses three lake opening scenarios comprising of dates and trigger depths to open 
the lake, as shown in Figure 1. Plover uses each water level as a depth trigger at which an opening 
should be attempted, and for the period between the dates.  
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 Figure 1 - Three opening schedules used by the Plover model 
Source: Raffensperger (2009). 
The lake opening is a decision variable and is only part of the model about which the user makes a 
decision (Raffensperger, 2009). A lake opening does not always succeed. A lake opening is defined by 
the model as 30-day continuous attempt to lower the lake level, but which may fail due to rough 
weather (Raffensperger, 2009). For example, if the user selects 1 May as an opening date, with a trigger 
lake level of 900 mm AMSL, then Plover will not open the lake in May if the level is below 900mm 
AMSL. However, in the model, Plover will open the lake if the lake level is above 900mm AMSL. If the 
lake subsequently falls below 900mm AMSL, Plover stops the opening. If, during the month of May, 
the lake falls below 900mm AMSL, and Plover closes the lake, but subsequently the level rises and 
exceeds 900mm AMSL, Plover will try to open the lake again, for 30 days. Due to rough weather, an 
opening may take several days to initiate. Therefore, opening dates may need to be set somewhat 
earlier and the lake levels set somewhat lower, to achieve the desired outcome (Raffensperger, 2009). 
How weather patterns affect the lake opening and closing 
 The Plover model closes the lake a day after readings from the lake indicate that sea waves from the 
South West end of the lake reach 4000 mm AMSL. Also, if the readings indicate that sea waves from 
the South West end of the lake are between 1000mm AMSL and 3500mm AMSL for a total of eight 
days (not consecutive), the model closes the lake. Due to the unavailability of relevant data, 
User controlled 
lake opening 
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Raffensperger (2009) noted that wind data is not included in Plover; Plover is based on calm weather 
representations.   
Inflows/outflows and lake depth 
 The water inflows and outflows simulated in Plover make use of the variables: 
(It + Ir + Is + Ig +Ias + Irs) – (Os +Oe +Oa) = ΔS 
Table 1 provides the interpretation for the symbols used in the above equation in calculating the 
volume of water in Te Waihora/Lake Ellesmere.  
Table 1 – Variables used for water inflows and outflows from Te Waihora/Lake Ellesmere 
Where: 
It = tributary inflows 
Ir = inflow due to rainfall on the lake 
Ig = groundwater seepage inflows 
Ias = artificial opening sea incursion inflow 
Irs = rough weather sea incursion inflow 
Os = Kaitorete spit seepage outflow 
Oe = evaporation  
Oa = artificial opening outflows 
ΔS = change in storage 
 
Lake level is calculated as a cumulative sum of inflows and outflows (Raffensperger, 2009). 
Raffensperger goes on to explain that the lake level since 1970 has fallen at or below 200mm AMSL 
about once a year, and risen above 1,450mm AMSL about once per year. These values are used in the 
model as the absolute lower and upper limits in the analysis. The model, Raffensperger (2009) pointed 
out, produces an error if the lake level exceeds those limits.  
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Summary 
The various outputs from the simulations of the Plover model, such as date, lake level triggers, 
inflows and outflows of water from the lake, forms an integral part of the design of the visualisation. 
The researcher sought to develop visualisations of the various simulations of the Plover model and 
which hid the complexities in order that users not be distracted by them from appreciating how 
different lake opening schedules impact upon lake values.  
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Appendix B 
  
B.1 Ethics approval ─ Pilot study (Chapter 6) 
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B.2 Material included in the pilot study (Chapter 6, Section 6.1.9) 
This is the material of the pilot study that was conducted to test the design of the study and the 
instruments. 
Consent Form 
Pilot study to investigate the effectiveness of ElleVis (a computer visualisation program) in building 
shared understanding among stakeholders of the issues concerning the management of Te 
Waihora/Lake Ellesmere. 
 
 
 
 
I have read and understood the above information sheet about the pilot study and on this basis I agree 
to participate in the study and consent to the information that I provide being used to refine a 
questionnaire designed to assess the level of shared understanding of the participants.  
 
 
 
 
Name:  
 
 
Signed: __________________________    Date: 
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B.3 Information Sheet 
 
For Research project entitled: 
“Visualising Te Waihora/Lake Ellesmere for Public Consultation” 
You are invited to take part in a research study in evaluating ElleVis (a computer guided visualisation 
programme) that I have developed to show the effects of management decisions of Te Waihora/Lake 
Ellesmere. The purpose of this study is to find out the effectiveness of ElleVis for building shared 
understanding among stakeholders regarding the management of Te Waihora/Lake Ellesmere. Your 
participation is important to this research.  
Your participation in this research will involve answering some questionnaires and be asked to 
perform some tasks using the ‘instrument’ that has been developed. The estimated time for 
completion will be about 1 hour. Please let me know if you cannot spare I hour for this research 
study. 
The structure of this research study will consist of the following steps: 
1) Apart from this information sheet, you will be presented with a pre-study questionnaire to 
collect your personal views of lake management you strongly represent. 
2) You will then be presented with a ‘test’. The test does not require the use of ElleVis to 
answer and in no sense is it a ‘test of intelligence’. The essence of this test is to assess your 
initial understanding with management practices regarding Te Waihora/Lake Ellesmere. 
3) Then, you will be given a tutorial to familiarise yourself with ElleVis.  
4) Next, you will be given a guided exploration questionnaire to use ElleVis to explore a number 
of scenarios for lake management. Once this process is over, you will be given a second ‘test’ 
to answer. 
5) After the completion of the second ‘test’, you will be asked to fill out a post-study 
questionnaire. You will be encouraged to discuss the experience you had in the study and to 
make any suggestions or comments that you may have about ElleVis. 
I would like to mention that; 
1) Your participation in this research is entirely voluntary – you do not have to take part if you 
do not wish to. If you do participate you can at any time ask for your information to be 
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withdrawn, up until the data analysis stage – you do not have to give any reason for notifying 
us of this. 
2) This evaluation is NOT to test your knowledge so there are no right or wrong answers. This 
research concerns your personal perceptions on how you view the issues regarding the 
management practices of Te Waihora/Lake Ellesmere. We would be grateful if you could be 
as candid as possible when asked for reasons for your choices. 
3) Your responses will remain anonymous; your identity will not be made public or made known 
to any person other than the researcher without your prior consent. The results of the 
research will only be in the aggregate form and no individual organisation and/or respondent 
will be able to be identified. Please do not write down your name or mention it in the course 
of the evaluation. 
4) You may ask to view any notes compiled by the researcher during the research study.   
I am undertaking this research study as part of my studies towards a PhD degree. My supervisors for 
this research study are Stuart Charters, Alan McKinnon and Bob Gidlow. My supervisors and I will 
address any questions you might have regarding this study. Our contact details are as follows:  
• bernard.otinpong@lincolnuni.ac.nz or phone number – 3253838 ext.8785 
• stuart.charters@lincoln.ac.nz or phone number - 3218376  
• alan.mckinnon@lincoln.ac.nz or phone number - 3218008  
• bob.gidlow@lincoln.ac.nz or phone number - 3253820 ext.8766 
This research has been reviewed and approved by the Lincoln University Human Ethics Committee.  
Thank you for your valued assistance. 
Kindest regards 
 
Bernard Otinpong 
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 Life in Te Waihora/Lake Ellesmere and its environs 
Periodic opening of Te Waihora/Lake Ellesmere allows for the migration of species (birds and fish) and 
limits flooding of agricultural land and also the lowering of lake levels. The opening provision during 
October is provided specifically to provide for species migration. The effect which Te Waihora/Lake 
Ellesmere has on the fisheries, birds and surrounding farmlands are illustrated below: 
1. Effect on fishery 
Te Waihora/Lake Ellesmere is home to about 43 species of fish. The lake supports eel, flounder and 
mullet which are commercially fished. 
I. Short-fin eels 
Scientific name: Anguilla australis 
 
Short-fin eels are migratory and bottom 
dwelling fish. Because they are migratory, these 
eels prefer opening regimes that offer them 
access to the sea. Short-fin eels prefer higher 
lake levels. 
Figure 2: Short-fin eels 
Source:   Federation of NZ Aquatic Societies 
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II. Bullies   
Scientific name: Gobiomorphus cotidianus 
 
Bullies are non-migratory, mid-water dwelling 
fish. These species are known to tolerate varying 
lake levels.  
Figure 3: Bullies 
Source:  Federation of NZ Aquatic Societies 
 
III. Black Flounder 
Scientific name: Rhombosolea retiaria 
 
Black Flounder are migratory and bottom 
dwelling fish. Because they are migratory, 
these fishes prefer opening regimes that 
offer them access to the sea. Black Flounder 
prefer higher lake levels.  
 Figure 4: Black Flounder 
Source:  Federation of NZ Aquatic Societies 
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 IV. Smelt 
Scientific name: Retropinna retropinna 
 
Smelt are non-migratory, mid-water dwelling 
fish. These species are known to tolerate 
varying lake levels.  
Figure 5: Smelt 
Source:  Federation of NZ Aquatic Societies 
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 2. Effect on birds 
Te Waihora/Lake Ellesmere is the ultimate roadside cafe for wading and shore birds, and is the most 
diverse site in New Zealand for birdlife. It provides habitat for 167 different bird species.  
 
I. Little Shags 
Scientific name: Phalacroxorax melanoleucos 
 
Little Shags are open water divers that 
benefit most from high lake levels. Low 
lake levels can be harmful to them.  
Figure 6: Little Shag 
Source:   Federation of NZ Aquatic Societies 
 
II. Pied Stilts 
Scientific name: Himantopus leucocephalus 
Pied Stilts are deep water waders. Pied Stilts 
benefit most from moderate to low lake levels 
and permanently high lake levels are quite 
harmful to them.  
 
 
Figure 7: Pied Stilt 
Source: Federation of NZ Aquatic Societies 
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 III. Black Swans 
Scientific name: Cygnus atratus 
 
Black swans are dabbling waterfowl. They 
benefit most from high lake levels. Low lake 
levels are quite harmful to the swans. 
Figure 8: Black Swans 
Source: Taylor and Hughey (2009) 
 
IV. Australasian bitterns 
Scientific name: Botaurus stellaris poiciloptilus 
 
Australasian bitterns are known as the swamp 
specialists. Australasian bittern benefits most 
from high lake levels. Low lake levels are quite 
harmful to this species. 
Figure 9: Australasian Bittern 
Source: Federation of NZ Aquatic Societie 
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 V. Kingfisher 
Scientific name: Halcyon sanctus 
 
The Kingfisher is an example of a riparian 
wetland species. The Kingfisher benefits most 
from high lake levels. Low lake levels are quite 
harmful to Kingfishers. 
Figure 10: Kingfisher 
Source: Federation of NZ Aquatic Societies 
 
VI. Banded dotterels 
Scientific name: Charadrius bicinctus  
 
 
Banded Dotterels are shallow water waders 
that prefer low lake levels. High lake levels are 
quite harmful to Banded dotterels. 
Figure 11: Banded dotterels 
Source:  Federation of NZ Aquatic Societies 
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B.5 Pre-and post-test questionnaire 
Read all scenarios before you start and please take your time. There are no ‘right’ or ‘wrong’ 
answers. 
 
The current opening regime used by ECAN to manage Te Waihora/Lake Ellesmere is to open 
the lake as follows:  
[Note: Above Mean Sea Level-henceforth referred to as AMSL] 
• 1130mm [AMSL]  between 1 April and 31 July (winter) 
• 1050mm [AMSL]  between 1 August and 31 March (summer) 
•  any level [AMSL] between 15 September and 15 October for the purposes of enhancing 
wildlife values. 
 
1. With this regime, which of the following would you expect to be good for, tolerable for 
or unacceptable for in the summer months of a wet year? 
√ = Good for                      = Tolerable for  ─ = Unacceptable for     ? = Don’t know 
Value √  ─ ? 
1. Livestock (Cows)     
2. Pied Stilts     
3. Black Swans     
4. Little Shags     
5. Kingfisher     
6. Short-fin eels     
7. Banded Dotterels     
8. Smelt     
9. Bullies     
10. Black Flounder     
 
 
 
 
 
SCENARIO 
             
         A 
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2. Which of the following would you expect to be good for, tolerable for or unacceptable 
for  in a normal year if the opening regime is changed to: 
 
• 1300mm [AMSL] from 18 April     
• 1300mm [AMSL] from  24 July   
• 1300mm [AMSL] from 20 September 
 
√ = Good for                      = Tolerable for  ─ = Unacceptable for      ? = Don’t know 
Value √  ─ ? 
1. Livestock (Cows)     
2. Pied Stilts     
3. Black Swans     
4. Little Shags     
5. Kingfisher     
6. Banded Dotterels     
7. Short-fin eels     
8. Smelt     
9. Bullies     
10. Black Flounder     
 
 
 
 
 
 
 
 
 
 
 
 
SCENARIO 
             
         B 
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 3. Which stakeholders are likely to benefit overall if this opening regime is used in a dry 
year: 
 
• From 18 April, open lake at 600mm [AMSL]   
• From 24 July, open lake at 1200mm [AMSL] 
• From 20 September, open lake at 500mm [AMSL 
 
√ = Will Benefit X = Not Benefit ? = Don’t Know 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Stakeholders √ X ? 
1. Farmers    
2. Fishers    
3. Lake Settlers    
4. Ngāi Tāhu    
You may specify other 
Stakeholder groups 
   
5.     
6.     
7.     
8.     
9.     
SCENARIO 
             
         C 
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4. Which of the following opening regimes do you think Banded Dotterels will  benefit 
most from in the summer months of a wet year between December and February using 
the following scenarios: 
 
 
 
 
 
 
 
 
 
 Opening regime in Scenario A 
 Opening regime in Scenario B 
 Opening regime in Scenario C 
 No idea 
             
Scenario A Scenario B Scenario C 
From 1 April, 
Open lake at: 
1130mm [AMSL] 
 
 
 
From 1 Aug, 
Open lake at: 
1050mm [AMSL]  
 
  
From 18 April, 
Open Lake at: 
1300mm [AMSL] 
 
From 24 July, 
Open Lake at: 
1300mm [AMSL] 
 
From 20 Sept, 
Open Lake at: 
1300mm [AMSL] 
From 18 April, 
Open Lake at: 
600mm [AMSL] 
 
From 24 July, 
Open Lake at: 
1200mm [AMSL] 
 
From 20 Sept, 
Open Lake at: 
500mm [AMSL] 
 
 
 
 
 173 
B.6 Tutorial 
This exercise is not designed to test your knowledge but to allow you to acquire some familiarity 
with the use of ElleVis (computer program). 
 
 
Using ElleVis 
 
Figure 1 show how to input rules to visualise an opening regime using ElleVis. To begin to 
generate and visualise an opening regime, you need to enter a start date and an opening level 
for the lake. By pressing the ‘Add Rule’ button adds that rule to the scenario to be developed. 
You will have the option to add multiple rules to generate a scenario. The ‘Calculate’ button 
aggregates all the input rules to produce a visualisation in the form of line graphs, spatial image 
and a summary table. The ‘ElleVis Rules Interface’ allow you to also edit and delete rules. You 
may also set an initial lake level on the 1st of January, to visualise how the lake will behave 
throughout the selected year.  
 
 
User to enter opening 
level
User can choose either a dry, 
normal or wet year to visualise 
a scenario
User can add multiple rules to 
generate a scenario by pressing 
the ‘Add Rule’ button
User to enter start 
date
User can edit rules and 
input again into again to 
build the scenario. 
Multiple rules chosen 
are shown in this 
block
(Optional) Set initial lake 
level on 1st of January
Pressing the Calculate button 
generates outputs to the 
opening regime selected 
Delete Rule
 
Figure 1: ElleVis Rules Interface 
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 Now start using ElleVis 
 
 
 
Please Note the following:  
 Above Mean Sea Level- henceforth referred to as “AMSL” 
 
Dry year- low water inflows into Te Waihora/Lake Ellesmere as a result of low rainfall. 
 
Wet year – high water inflows into Te Waihora/Lake Ellesmere as a result of high rainfall. 
 
Normal year – average daily rainfall values for 38 years from 1970 – 2007 representing a 
typical year. 
 
Acceptable upper and lower limits of AMSLs to input into ElleVis should be between 200mm 
and 1450mm 
 
High lake level – above 1000mm AMSL 
 
Low lake level – below 600mm AMSL 
 
Moderate lake level- between 600mm AMSL and 1000mm AMSL 
 
 
 
Add the following rules to establish a scenario: 
 
 
 
• From the 18 April, open the lake at a level of 500mm [AMSL] 
 
• From the 21 July, open the lake at a level of 1150mm [AMSL] 
 
• From the 14 October, open the lake at a level of 500mm [AMSL] 
 
 
Examine the scenarios in either wet, dry or normal year conditions. 
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Next, run ElleVis and observe the following graphical displays: 
 
 
 
1. Spatial image 
 
 
- Move the slider on the spatial image and observe the changes to the extent of the 
lake. Pay particular attention to the months where there are high and low levels of 
the lake.  
 
 
 
 
2. Line graphs & Summary Table 
 
 
 
- What is the highest lake level above mean sea level and using the summary table, 
which months are Banded dotterels most threatened? 
 
Answer: 
 
 Wet year Dry year Normal year 
Lake levels    
Banded 
dotterels 
   
 
 
 
 
 
If you have any questions about how to use ElleVis, please ask me. 
 
Next, answer the following questionnaire with the help of ElleVis. 
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 B.7 Guided exploration tasks 
 
Please Note:   
 
• Above Mean Sea Level- henceforth referred to as “AMSL” 
• Dry year- low water inflows into Te Waihora/Lake Ellesmere as a result of low rainfall. 
• Wet year – high water inflows into Te Waihora/Lake Ellesmere as a result of high rainfall. 
• Normal year – average daily rainfall values for 38 years from 1970 – 2007 representing a 
typical year. 
• Acceptable upper and lower limits of AMSLs to input into ElleVis should be between 200mm 
and 1450mm. 
• High lake level – above 1000mm AMSL 
• Low lake level – below 600mm AMSL 
• Moderate lake level- between 600mm AMSL and 1000mm AMSL 
 
 
Establish the following scenario using ElleVis: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
I. Examine the above scenario under wet, dry and normal year conditions.  
 
II. Run ElleVis and observe the graphical displays. 
 
III. Answer the questions 1 to 3.  
 
Scenario 
From 18 April, 
Open Lake at: 
600mm AMSL 
 
From 24 July, 
Open Lake at: 
1200mm AMSL 
 
From 20 Sept, 
Open Lake at: 
500mm AMSL 
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1. Which of the AMSLs below is more favourable to the Black Swan population (Figure 
1)?  
 
 
 
1. Which of the AMSLs below is more favourable to the Pied Stilt population (Figure 2)?  
 
 
above 1000mm   
                                 
below 700mm 
 
No  idea  
    
            No  difference 
 
Figure 1: Black Swans 
Source: Federation of NZ Aquatic Societies 
 
 Above 1000mm 
                                 
 Below 700mm  
 
No  idea 
 
Doesn’t matter 
 
 
 
 
 
 
 
Figure 2: Pied Stilt 
Source: Taylor and Hughey (2009) 
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2. Which of the AMSLs below is more favourable to Black Flounder population (Figure 
3)? 
 
 
Establish the following scenario using ElleVis: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
I. Examine the above scenario under wet, dry and normal year conditions.  
 
II. Run ElleVis and observe the graphical displays. 
 
III. Answer the questions 4 and 5.  
 
 Above 1000mm 
                                 
 Below 700mm  
 
No  idea  
 
No  difference 
 
Figure 3:Black Flounder 
Source: Federation of NZ Aquatic Societies 
Scenario 
From 18 April, 
Open Lake at: 
500mm AMSL 
 
From 21 July, 
Open Lake at: 
1150mm AMSL 
 
From 20 Sept, 
Open Lake at: 
500mm AMSL 
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3. Which of the AMSLs below is more favourable to Short-fin Eels (Figure 4)? 
 
 
 
4. Which of the AMSLs below is more favourable to Black-Billed gull (Figure 5)? 
 
 
 
 
 
 
 Above 1000mm 
                                 
 Below 700mm  
 
No  idea  
 
No  difference 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4:Short-fin eels 
Source: Federation of NZ Aquatic Societies 
 
 Above 1000mm 
                                 
 Below 700mm  
 
No idea 
 
No difference 
 
 
Figure 5:Black-Billed gull 
Source: Federation of NZ Aquatic Societies 
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5. The scenario below is good for Pied Stilts, Bullies and the Smelt (Figure 6) populations 
during the summer months of January and March in a wet year. 
 
Scenario 
From 18 April, 
Open Lake at: 
1300mm AMSL 
 
From 24 July, 
Open Lake at: 
1300mm AMSL 
 
From 20 Sept, 
Open Lake at: 
1300mm AMSL 
 
 
This scenario suggests that Lake Settlers and Farmers are being ignored. How can you improve 
this scenario so that land inundation is minimal and also good for farmers grazing livestock 
(cows) along the shoreline of Te Waihora/Lake Ellesmere during the same time period? 
  
 Are you able to improve this scenario for the Lake Settlers and farmers? 
 
 
 
 
 
 Yes 
                                 
 No 
 
 
 
Figure 6: Smelt 
Source: Federation of NZ Aquatic Societies 
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6. Using the scenario you created in question 6, which species will be threatened between 
the months January and April of a normal year. 
 
√= Months Threatened 
Value January February  March April 
Livestock (sheep)     
Little Shags     
Pied Stilts     
Banded dotterels     
Black-Billed gulls     
Black Swan     
Australasian Bitterns     
Kingfishers     
Black flounder     
Short-fin eels     
Bullies     
Smelt     
 
 
7. Using the scenario below, these birds (Little Shags, Black swans, Black-Billed gull, 
Australasian Bitterns and the Kingfishers) happen to be in a tolerable state during the 
summer months between December and January in a dry year. Do their conditions 
improve in a wet year? 
 
Scenario 
From 1 April, 
Open lake at: 
1130mm AMSL 
 
From 1 Aug, 
Open lake at: 
1050mm AMSL  
 
 Yes 
                                 
 No 
 
No idea 
 
No difference 
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 For questions 9 -12, examine the following scenarios using ElleVis and use them where 
applicable. 
 
 
 
 
 
 
 
 
 
 
 
8. Will the opening regime in Scenario 4 in the winter months (June – September) of a dry 
year be suitable for Banded Dotterels (Figure 7)? 
 
 
 
 
 
Scenario 1 Scenario 2 Scenario 3 Scenario 4 
From 1 April, 
Open lake at:  
1130mm AMSL 
 
 
 
From 1 Aug, 
Open lake at: 
1050mm AMSL  
 
  
From 18 April, 
Open Lake at: 
600mm AMSL 
 
From 24 July, 
Open Lake at: 
1200mm AMSL 
 
From 20 Sept, 
Open Lake at: 
500mm AMSL 
From 18 April, 
Open Lake at: 
500mm AMSL 
 
From 21 July, 
Open Lake at: 
1150mm AMSL 
 
From 14 Oct, 
Open Lake at: 
500mm AMSL 
From 18 April, 
Open Lake at: 
1300mm AMSL 
 
From 24 July, 
Open Lake at: 
1300mm AMSL 
 
From 20 Sept, 
Open Lake at: 
1300mm AMSL 
Yes 
                                 
No 
    
            No idea 
 
Figure 7: Banded Dotterels 
Source:   Federation of NZ Aquatic Societies 
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9. Will the opening regime in Scenario 3 in the summer months (December –March) in a 
wet year be suitable for the Little Shag (Figure 8)? 
 
 
 
 
 
 
 
 
 
 
 
10. Which of the following two scenarios in a normal year is more favourable to the 
Kingfishers (Figure 9)? 
 
 
 
 
 
 
Yes 
                                 
No 
    
            No idea 
 
Figure 8: Little Shag 
Source:   Federation of NZ Aquatic Societies 
 
 
 Scenario 1 
                                 
 Scenario 4  
 
No idea 
 
No difference 
 
 
Figure 9: Kingfisher 
Source: Federation of NZ Aquatic Societies 
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11. Which of the following two scenarios in a wet year is more favourable to Bullies (Figure 
10)? 
 
 
 
 
 
 
 
 
 Scenario 1 
                                 
 Scenario 2  
 
No  idea  
 
No difference 
 
Figure 10: Bullies 
Source: Federation of NZ Aquatic Societies 
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B.8 Post-study questionnaire 
 
1. Has ElleVis enhanced your understanding of the lake management issues 
 
 
Please explain your answer 
 
 
 
 
 
 
 
 
 
 
 
2. Did you find any aspect of the guided tutorial difficult to follow?  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       a lot  a little         not at all    
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3. Please give any general comments that you have about ElleVis 
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Appendix C 
This is the material for the study that was conducted to assess the personal and shared understanding 
of stakeholders’ of Te Waihora/Lake Ellesmere using the ElleVis visualisation tool (Chapter 6, Section 
6.1.9). 
C.1 Ethics Approval – Main study 
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C.2  Consent Form: Organisation 
Our organisation agrees to participate in the research study to evaluate the effectiveness of ElleVis (a 
computer guided visualisation program) in building shared understanding among stakeholders of the 
issues regarding the management of Te Waihora/Lake Ellesmere.  
 
Our organisation understands that this research is being conducted by Bernard Otinpong. 
 
Our organisation is satisfied about the level of information provided and the assurances ensuring the 
anonymity of the participants. On this basis, we grant permission for use of our employee(s)/ 
member(s) as participants for this research. We also grant permission for the evaluation data 
generated to be published in the thesis and future publication(s). 
    
We understand that any identifiable information in regards to the participants’ names will not be listed 
in the thesis or any future publication(s). 
 
We understand that the name of the organisation will be listed as a stakeholder organisation in the 
publication. No link between the results of participants and the organisation will be made. 
 
Manager’s Name: _______________________________________________________ 
 
 
Signed: __________________________    Date:__________________ 
 
 
Organisation:  ___________________ 
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C.3 Consent Form: Individual 
 
Regarding a research study to evaluate the effectiveness of ElleVis (a computer guided visualisation 
program) in building shared understanding among stakeholders of the issues regarding the 
management of Te Waihora/Lake Ellesmere. 
I have read and understood the research information sheet provided by the lead researcher. I am 
satisfied about the level of information provided to me and the assurances made about ensuring my 
anonymity.  I understand that participation is voluntary and that I can withdraw my cooperation and 
the data I provided up to the point when data analysis begins. On this basis, I agree to participate in 
the study and consent to the information that I provide being used to evaluate the effectiveness of 
ElleVis in assessing the shared understanding of the participating stakeholders. 
 
Name: _____________________________________________________________________ 
 
Signed: _____________________________ _______________________________________ 
   
Date: ______________________________  ID Number: __________________________ 
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C.4 Letter of invitation to participate in a research project 
Visualising Te Waihora/Lake Ellesmere for Public Consultation 
 
My name is Bernard Otinpong, a student in the Department of Applied Computing at Lincoln 
University, and I am conducting research into visualising the impact of opening regimes on Te 
Waihora/Lake Ellesmere as part of my PhD studies. 
 
You/your organisation is invited to participate in a research project which aims to  evaluate a computer 
program that has been developed to show the effects of management decisions at Te Waihora/Lake 
Ellesmere related to changing lake levels. The program involves a visualisation tool.  
 
You/your organisation are stakeholders of Te Waihora/Lake Ellesmere, and we hope you will nominate 
yourself/one or two people from your group, to participate in this exercise. Participation involves 
meeting me, the lead researcher, at a time and place which is convenient to your members, to answer 
some questions, perform some tasks using the computer-visualisation program that has been 
developed, and then answer some further questions to see what difference, if any, use of the computer 
visualisation tool made. The estimated time for completion will be between 55 and 75 minutes. 
Participants are expected to be familiar with the use of computers. 
 
Participants’ names will be recorded on the consent forms and information about which stakeholder 
group the participant belongs to will also be recorded. A personal ‘code’ will be given to each of the 
participants. No other personal details will be recorded. This ‘code’ is purely to allow the lead 
researcher to track individual responses in case a participant later wants to withdraw their data. It will 
not be recorded/ reported in any of the results. Also, all data will be reported in aggregate form. 
Organisations will be listed as stakeholders in the thesis. No individual or organisational responses will 
be identifiable and all results will be reported in an aggregate manner. 
 
The results of the project may be published, and a copy of the thesis will be provided to the 
stakeholders involved in the research upon request but again, no individuals will or can be identified.   
 
Participation is entirely voluntary. At the same time, it is important to the significance of the results 
that all stakeholder groups are represented. Should you/your organisation be willing to participate, 
please contact me, the lead researcher, at one of the contact addresses below. 
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Contact details are as follows:  
Lead researcher: Bernard Otinpong (bernard.otinpong@lincolnuni.ac.nz or phone number – 3253838 
ext.8785) 
Supervisors: 
• Stuart Charters, stuart.charters@lincoln.ac.nz or phone number - 3218376  
• Alan McKinnon,alan.mckinnon@lincoln.ac.nz or phone number - 3218008  
• Bob Gidlow,bob.gidlow@lincoln.ac.nz or phone number-3253820 ext.8766 
 
This project has been reviewed and approved by the Lincoln University Human Ethics Committee. 
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C.5 Research information sheet 
“Visualising Te Waihora/Lake Ellesmere for Public Consultation” 
You are invited to take part in a research study evaluating the use of ElleVis, a computer-guided 
visualisation program I have developed, in an attempt to improve the shared understanding of the 
impact of management decisions at Te Waihora/Lake Ellesmere in regard to lake levels.  
I would greatly appreciate your participation, which will involve answering some questions, 
performing some tasks using the visualisation prototype that has been developed, then answering 
some further questions, some of which relate to management practices at the Lake and others to the 
prototype itself. The estimated time for completion will be between 55 and 75 minutes. Participants 
are expected to be familiar with the use of computers. 
The structure of this research study will consist of the following steps: 
1. You will be presented with a pre-study questionnaire to collect your preferences of Lake 
management. 
2. You will then be presented with a ‘test’. The test does not require the use of ElleVis (the 
computer –aided visualisation tool) to answer and in no sense is it a ‘test of intelligence’. The 
essence of this test is to assess your initial understanding of consequences of different 
management practices regarding Te Waihora/Lake Ellesmere. 
3.  Next, you will be given a tutorial to familiarise yourself with ElleVis.  
4. Next, you will be given a guided exploration questionnaire to use ElleVis to explore a number 
of scenarios for lake management. Once this process is over, you will be given a second ‘test’ 
to answer. 
5. After the completion of the second ‘test’, you will be asked to fill out a post-study 
questionnaire. You will be encouraged to discuss the experience you had in the study and to 
make any suggestions or comments that you may have about using ElleVis and about the 
design of ElleVis. 
I would like to reiterate that: 
1. Your participation in this research is entirely voluntary – you do not have to take part if you 
do not wish to do so.  If you do participate, you can at any time ask for your information to 
be withdrawn, up until the data analysis stage – you do not have to give any reason for 
notifying us of this. 
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2. This evaluation is NOT to test your knowledge, so there are no right or wrong answers. This 
research concerns your personal perceptions as to how you view the issues regarding 
management practices of Te Waihora/Lake Ellesmere. We would be grateful if you could be 
as candid as possible when asked for reasons for the ‘choices’ you make during the study. 
3. Your responses will remain anonymous; your identity will not be recorded. The results of the 
research will only be presented in aggregate form. As part of ensuring that this is the case, 
please do not write down your name or mention it in the course of the evaluation. 
4. You may ask to view any notes I, the lead researcher, compile during the time you spend 
with me.   
Thank you for your valued assistance. 
 
Bernard Otinpong 
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C.6 Pre-study questionnaire 
Please tick the appropriate circle to fill this questionnaire. 
 
1. Which category of stakeholder do you classify yourself as? Please select all categories 
that apply to you 
 
    Farmer          Fisher                 Lake Settler    
 
                  Te Taumutu Rūnanga                 Ngāi Tāhu                Recreational user     
 
Governmental Organisation e.g. Councils 
   
Please specify _____________________ 
 
Non-Governmental Organisation, charitable organisation or interest group 
    
Please specify ___________________    
      
   Other______________________ 
 
 
 
2. From your answer to question (1), to which of the categories you have ‘ticked’ do you 
feel most connected to or represents your view of the world about Te Waihora/Lake 
Ellesmere? 
 
 
 
 
 
 
 
 195 
3. How actively involved are you with the following activities: 
Never involved Occasionally involved Very actively Involved 
1 2 3 
 
Te Waihora/Lake Ellesmere Management 
Processes 
1 2 3 
    
A. 
 
Attending workshops and symposiums 
about Te Waihora/Lake Ellesmere       
B. 
 
Reading literature about Te Waihora/ Lake 
Ellesmere       
 
C. 
 
Engaging in debates        
D. 
 
Making contributions on plan formulation 
about Te Waihora/Lake Ellesmere       
E.     
 
Attending lake opening protocol meetings       
 
 
   
 
You may add  one or two of your own self-chosen 
lake management processes 
 
    
F. 
 
__________________________________ 
       
G. 
 
___________________________________ 
       
 
 
 
4. What are the main management issues for Te Waihora/Lake Ellesmere that concern 
you?  
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 C.7 List of definitions 
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C.8 Pre- and post-test questionnaire 
 
Please take your time to answer the following questions. There are no ‘right’ or ‘wrong’ 
answers. Place a tick in the appropriate boxes where necessary. 
 
 
The current opening regime used by ECAN to manage Te Waihora/Lake Ellesmere is to open 
the lake as follows:  
[Note: Above Mean Sea Level-henceforth referred to as AMSL] 
• 1130mm [AMSL]  between 1 April and 31 July (winter) 
• 1050mm [AMSL]  between 1 August and 31 March (summer) 
•  any level [AMSL] between 15 September and 15 October for the purposes of enhancing 
wildlife values. 
 
1. With this regime, indicate whether you think the conditions would be good for, tolerable 
for or unacceptable for,  each of the lake values listed below in the summer months of 
a wet year. 
 
Lake Values Good for Tolerable for Unacceptable for
  
Don’t know 
1. Livestock (Cows)     
2. Pied Stilts     
3. Black Swans     
4. Little Shags     
5. Kingfisher     
6. Short-fin eels     
7. Banded Dotterels     
8. Smelt     
9. Bullies     
10. Black Flounder     
 
 
SCENARIO 
             
         A 
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2. Indicate whether you think the conditions would be good for, tolerable for or 
unacceptable for,  each of the lake values listed below in a normal year, if the opening 
regime is changed to:  
 
• 1300mm AMSL from 18 April     
• 1300mm AMSL from  24 July   
• 1300mm AMSL from 20 September 
 
Lake Values Good for                       Tolerable for Unacceptable for
       
Don’t know 
1. Livestock (Cows)     
2. Pied Stilts     
3. Black Swans     
4. Little Shags     
5. Kingfisher     
6. Banded Dotterels     
7. Short-fin eels     
8. Smelt     
9. Bullies     
10. Black Flounder     
SCENARIO 
             
         B 
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 3. Which stakeholders are likely to benefit overall if this opening regime is used in a dry 
year: 
 
• From 18 April, open lake at 600mm AMSL   
• From 24 July, open lake at 1200mm AMSL 
• From 20 September, open lake at 500mm AMSL 
 
 
 
 
 
 
 
 
 
 
Stakeholders Will Benefit Not Benefit Don’t Know 
1. Farmers    
2. Fishers    
3. Lake Settlers    
4. Ngāi Tāhu    
You may specify other 
Stakeholder groups 
   
5.     
6.     
7.     
8.     
9.     
SCENARIO 
             
         C 
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 4. Which of the following opening regimes do you think Banded Dotterels will  benefit 
most from in the summer months of a wet year between December and February using 
the following scenarios: 
 
 
 
 
 
 
 
 
 
 Opening regime in Scenario A 
 Opening regime in Scenario B 
 Opening regime in Scenario C 
 No idea 
 
 
Scenario A Scenario B Scenario C 
From 1 April, 
Open lake at: 
1130mm [AMSL] 
 
 
 
From 1 Aug, 
Open lake at: 
1050mm [AMSL]  
 
  
From 18 April, 
Open Lake at: 
1300mm [AMSL] 
 
From 24 July, 
Open Lake at: 
1300mm [AMSL] 
 
From 20 Sept, 
Open Lake at: 
1300mm [AMSL] 
From 18 April, 
Open Lake at: 
600mm [AMSL] 
 
From 24 July, 
Open Lake at: 
1200mm [AMSL] 
 
From 20 Sept, 
Open Lake at: 
500mm [AMSL] 
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C.9 Post-study questionnaire 
 
 
1. Do you think that  the interactive visualisation tool has enhanced your understanding of 
the lake management issues 
 
 
Please explain your answer 
 
 
 
 
 
2. Do you think that the interactive visualisation prototype present an accurate picture of 
the lake behaviour?  
 
 
 
 
 
 
 
 
3. Please give any general comments that you have about this prototype. 
 
 
 
 
 
 
 
 
       a lot  a little         not at all    
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Appendix D 
D.1 Ethics approval – Usability study 
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D.2 Consent Form  
 
 204 
D.3 Observation sheet 
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D.4 Tasks 
Introduction 
 
Lake Ellesmere, in the Canterbury region of the South Island is a broad, ‘brackish’, shallow lake that is 
opened to the sea to control its level. The lake can be seen in the map below (Figure 1). 
 
 
 
Figure 1: Lake Ellesmere 
 
We are evaluating the usability of a system for comparing different opening regimes for the lake. You 
will be asked to set up an opening regime for the lake and interpret information shown on the 
graphical displays. The system is shown overleaf. You will be given an A3 version of this interface to 
work with. 
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Figure 2: Prototype Visualisation of Lake Ellesmere 
Please complete the following tasks, as you do so, please “think aloud” and explain how you are 
interacting with the system. 
 
1. Establish the following scenario: 
 
From 1st April to 31st July, open the lake at a level of 1.13m amsl (above mean sea level) 
 
• Using the summary table, which months of the year do you think eels are most 
threatened? 
 
• What is the level of the lake above mean sea level in June? 
 
• Using the slider on the spatial image, what do you think is the depth of the lake at the 
point marked ‘X’ on the image in October. 
 
• Using the summary table, what do you think is the relationship between   level of the lake 
above mean sea level and waders?  
 
2. Which summary table is best overall and why? 
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D.5 Post-usability questionnaire 
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Appendix E 
E.1 Ethics approval – Additional research  
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E.2 Flier 
“Visualising Te Waihora/Lake Ellesmere for Public Consultation” 
 
You are invited to take part in a research study evaluating the effectiveness of information transfer on 
people’s understanding of Te Waihora/Lake Ellesmere and the impact of changes in lake levels on lake 
values. This is a follow-up study to evaluate whether interactive visualisation has potential for 
improved stakeholder understanding and therefore, possibly improved environmental management. 
Thus, participants contacted for the previous study need not participate in this present study.  
 
Participation is entirely voluntary. Participants’ personal details will not be recorded. All data will be 
reported in aggregate form. No individual will be identified and participants’ responses will not be 
shared with anyone. Participants will remain anonymous in any presentation or published findings 
following from this study, and you will be able to withdraw the information you provide to the project 
at any time prior to data analysis. 
 
Your participation – which would involve a single 55-75 minute session with me, the lead researcher - 
could help decide how information about the Lake can in future best be presented to interested 
parties.  
 
If you would like to hear more about the project, and if you are aged 18 or over, please contact me 
and I will send you a more detailed Research Information Sheet, after which I will contact you to see if 
you are still willing/keen to be involved.  
 
• My name is Bernard Otinpong and I can be contacted by email 
(Bernard.otinpong@lincolnuni.ac.nz) or phone: 0211384907/4230421 
 
This project has been reviewed and approved by the Lincoln University Human Ethics Committee. 
 
 
 
 
 210 
E.3 Research information sheet 
 
Research Information Sheet 
 
                   
 
“Visualising Te Waihora/Lake Ellesmere for Public Consultation” 
 
 
You are invited to take part in a research study evaluating the effectiveness of information transfer in 
improving people’s level of understanding of Te Waihora/Lake Ellesmere, including lake values and the 
impact of management decisions at Te Waihora/Lake Ellesmere regarding levels at which the Lake 
operates. This is a follow-up study to an earlier study, evaluating whether interactive visualisation has 
potential for improved stakeholder understanding and therefore, possibly improved environmental 
management. Those who participated in the earlier study will not be needed for the present study.  
 
Participation is entirely voluntary. I would greatly appreciate your participation, which will involve 
attending a one-to-one session with me, at a time and in a place which is suitable to you, answering 
some questions, performing some tasks using an intervention – either computer-based or ‘paper’-
based – then answering some further questions. Some of these questions relate to management 
practices at the Lake and others to how valuable you found the way information about the Lake was 
presented to you. The estimated time for completion will be between 55 and 75 minutes and no follow-
up meeting/session will be required.  
 
If you agree to participate, you can at any time ask for your information to be withdrawn, up until the 
21st of February, 2014, the stage when data analysis begins. (You do not need to give any reason for 
asking to withdraw your cooperation and information.) 
 
In the reporting of results, your personal details will not be recorded. All data will be reported in 
aggregate form. No individual will be identified and participants’ responses will not be shared with 
anyone except my Lincoln University supervisors. Participants will remain anonymous in any 
presentation or published findings following from this study, and you will be able to withdraw the 
information you provide to the project at any time prior to data analysis. 
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 With your permission, I will digitally record the final part of our session. If this is not acceptable to you, 
I will respect that and take written notes at this point. (You may ask to view any notes I compile during 
the time you spend with me.)   
 
This project has been reviewed and approved by the Lincoln University Human Ethics Committee. 
 
Thank you for considering this invitation. 
 
 
Bernard Otinpong 
 
 
Supervisory team made up of: 
 
• Dr Stuart Charters: (E-mail contact: stuart.charters@lincoln.ac.nz)  
• Emeritus Professor Alan McKinnon (E-mail contact: alan.mckinnon@lincoln.ac.nz)  
• Associate Professor Bob Gidlow (E-mail contact: bob.gidlow@lincoln.ac.nz) 
 
This project has been reviewed and approved by the Lincoln University Human Ethics Committee. 
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E.4 Consent form 
 
 
 
Consent Form 
 
 
Regarding a research study to evaluate the effectiveness of information transfer in relation to people’s 
knowledge of Lake values: Te Waihora/Lake Ellesmere. 
 
I have read and understood the research information sheet provided by the researcher. I am satisfied 
about the level of information provided to me and the assurances made about ensuring my anonymity.  
I understand that participation is voluntary and that I can withdraw my cooperation and the data I 
provided up to February 21, 2014 when data analysis begins, by contacting the researcher or his 
supervisors and citing the code number at the top of this Consent Form. (I understand that the code 
number is to be used solely for this purpose.) On this basis, I agree to participate in the study and 
consent to the information that I provide being used as part of reporting on the success of different 
ways of providing information about Lake values at Te Waihora/Lake Ellesmere. 
 
I AGREE/DO NOT AGREE to having the later part of the session digitally recorded. (Please circle your 
preference.) 
 
 
Name: _____________________________________________________________________ 
 
 
 
 
Signed: ____________________________________________________________________ 
   
 
 
 
Date: ______________________________   
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E.5 Guided-exploration sheet: Non-interactive ElleVis 
 
Please Note:   
 
• Above Mean Sea Level- henceforth referred to as “AMSL” 
• Dry year- low water inflows into Te Waihora/Lake Ellesmere as a result of low rainfall. 
• Wet year – high water inflows into Te Waihora/Lake Ellesmere as a result of high rainfall. 
• Normal year – average daily rainfall values for 38 years from 1970 – 2007 representing a 
typical year. 
• High lake level – above 1000mm AMSL 
• Low lake level – below 600mm AMSL 
• Moderate lake level- between 600mm AMSL and 1000mm AMSL 
 
 
 
 
 
 
 
Refer to PACK 1 using the following scenario to answer question 1 to 3: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scenario 
From 18 April, 
Open Lake at: 
600mm AMSL 
 
From 24 July, 
Open Lake at: 
1200mm AMSL 
 
From 20 Sept, 
Open Lake at: 
500mm AMSL 
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2. Which of the AMSLs below is more favourable to the Black Swan population (Figure 
1)?  
 
 
 
 
 
3. Which of the AMSLs below is more favourable to the Pied Stilt population (Figure 
2)?  
 
 
  
above 1000mm   
                                 
below 700mm 
 
No  idea  
    
            No  difference 
 
Figure 1:Black Swans 
 
Source:   Federation of NZ Aquatic 
Societies 
 
 Above 1000mm 
                                 
 Below 700mm  
 
No  idea 
 
Doesn’t matter 
 
 
 
 
 
 
 
Figure 2:Pied Stilt 
 
Source:  Federation of NZ Aquatic 
Societies 
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 4. Which of the AMSLs below is more favourable to Black Flounder population (Figure 
3)? 
 
 
 
 
 
Refer to PACK 2 using the following scenario to answer questions 4 and 5: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 Above 1000mm 
                                 
 Below 700mm  
 
No  idea  
 
No  difference 
 
Figure 3:Black Flounder 
 
Source: Federation of NZ Aquatic 
Societies 
Scenario 
From 18 April, 
Open Lake at: 
500mm AMSL 
 
From 21 July, 
Open Lake at: 
1150mm AMSL 
 
From 20 Sept, 
Open Lake at: 
500mm AMSL 
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5. Which of the AMSLs below is more favourable to Short-fin Eels (Figure 4)? 
 
6. Which of the AMSLs below is more favourable to Black-Billed gull (Figure 5)? 
 
 
 
 
  
 Above 1000mm 
                                 
 Below 700mm  
 
No  idea  
 
No  difference 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4:Short-fin eels 
 
Source: Federation of NZ Aquatic 
Societies 
 
 Above 1000mm 
                                 
 Below 700mm  
 
No idea 
 
No difference 
 
 
Figure 5:Black-Billed gull 
 
Source: Federation of NZ Aquatic 
Societies 
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7. The scenario below is good for Pied Stilts, Bullies and the Smelt (Figure 6) 
populations in a wet year. Refer to PACK 3. 
 
Scenario 
From 18 April, 
Open Lake at: 
1300mm AMSL 
 
From 24 July, 
Open Lake at: 
1300mm AMSL 
 
From 20 Sept, 
Open Lake at: 
1300mm AMSL 
 
 
This scenario suggests that Lake Settlers and Farmers are being ignored. How can you 
improve this scenario so that land inundation is minimal and also good for farmers grazing 
livestock (cows) along the shoreline of Te Waihora/Lake Ellesmere during the same time 
period? 
  
Show how you able to improve this scenario for the Lake Settlers and farmers by writing your 
answer in the space provided below. 
 
 
  
 
 
 
 
 
 
 
 
 
Figure 6: Smelt 
 
Source: Federation of NZ Aquatic Societies 
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8. Using the scenario below, these birds (Little Shags, Black swans, Black-Billed gull, 
Australasian Bitterns and the Kingfishers) happen to be in a tolerable state during the 
summer months between December and January in a dry year. Do their conditions 
improve in a wet year? Refer to PACK 4. 
 
Scenario 
From 1 April, 
Open lake at: 
1130mm AMSL 
 
 
 
From 1 Aug, 
Open lake at: 
1050mm AMSL  
 
 Yes 
                                 
 No 
 
No idea 
 
No difference 
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 For questions 8 -11, refer to the information sheet attached and use them where applicable. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9. Will the opening regime in Scenario 4 be suitable for Banded Dotterels (Figure 7)? 
Refer to PACK 3. 
 
 
 
  
Scenario 1 Scenario 2 Scenario 3 Scenario 4 
From 1 April, 
Open lake at: 
1130mm AMSL 
 
 
 
From 1 Aug, 
Open lake at: 
1050mm AMSL  
 
  
From 18 April, 
Open Lake at: 
600mm AMSL 
 
From 24 July, 
Open Lake at: 
1200mm AMSL 
 
From 20 Sept, 
Open Lake at: 
500mm AMSL 
From 18 April, 
Open Lake at: 
500mm AMSL 
 
From 21 July, 
Open Lake at: 
1150mm AMSL 
 
From 14 Oct, 
Open Lake at: 
500mm AMSL 
From 18 April, 
Open Lake at: 
1300mm AMSL 
 
From 24 July, 
Open Lake at: 
1300mm AMSL 
 
From 20 Sept, 
Open Lake at: 
1300mm AMSL 
Yes 
                                 
No 
    
               No idea 
 
Figure 7:Banded Dotterels 
 
Source:   Federation of NZ Aquatic 
Societies 
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10. Will the opening regime in Scenario 3 in the summer months (December –March) be 
suitable for the Little Shag (Figure 8)? Refer to PACK 2. 
 
 
 
 
11. Which of the following two scenarios are more favourable to the Kingfishers 
throughout the year (Figure 9)? Refer to PACK 4 and PACK 3. 
 
 
 
 
 
 
Yes 
                                 
No 
    
            No idea 
 
Figure 8:Little Shag 
 
Source:   Federation of NZ Aquatic 
Societies 
 
 
 PACK 3 
                                 
 PACK 4  
 
No idea 
 
No difference 
 
 
Figure 9:Kingfisher 
 
Source: Federation of NZ Aquatic 
Societies 
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12. Which of the following two scenarios are more favourable to Bullies (Figure 10)? 
Refer to PACK 1 and PACK 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PACK 1 
                                 
 PACK 2  
 
No  idea  
 
No difference 
 
Figure 10:Bullies 
 
Source: Federation of NZ Aquatic 
Societies 
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 Appendix F 
F.1 Human Ethics Approval 
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F.2 Post-study questions 
 
1. Do you think there is any other way in which information about the lake could be 
presented to you that would assist you personally to increase your knowledge of the 
lake? 
 
2. Do you think that the Interactive visualisation tool/ ‘Paper-based’ information sheet has 
enhanced your understanding of the lake management issues? How did you find using 
it? Did it help you learn? In what way?  
 
 
4. As far as you are aware, does the Interactive visualisation tool/‘Paper-based’ 
information sheet present an accurate picture of the lake’s behaviour? 
 
5. Do you have any additional or general comments about the way information regarding 
lake behaviour has been presented to you? 
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F.3 Example of screen shots/ ‘Paper – visualisations’    
 
Figure 1  Wet year scenario
 225 
  
 226 
